ies 





instrument 


Measurement 
and Control 


f 



































C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 








struments 2 oe 


Measurement 
F. BEHAR, Editor an d 6 ON t rol 








\ST October the first Special Aviation Issue of Instruments For example, at the Bell Telephone Laboratories they 





as published. It was a success in every way. Not only check their frequency standards to one part in ten bill 


u 






most regular subscribers in aviation work order extra (No, not ten million but ten billion.) The apparatus does 


i¢ 






copies for their friends, but many men who had never seen _ not give direct readings: but let’s imagine a direct-readit 






t nagazine before ordered copies for their friends. That frequency meter with a scale covering five cycles (5 t 






O ber issue “sold” more than a thousand new subscrip- 62.5 with 60 at mid-secale) and easily 





tions—which probably means four or five thousand new lionths of one cycle. Simple arithmetic yields the specifi 






readers because most people who “discover” Jnstruments tions. A portion of that scale is pictured here ! 


} 







ss it around to call attention to articles of special in- for its total length is the length of the Equat 














It is reasonable to expect that this second Aviation 
Issue, likewise, will be the first issue of Instruments to be 
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by several thousand new readers. If you are one of - 





I bid you welcome to the ranks of a sort of brother 






































These words appeared on this editorial page in June 1933 Is the sensitivity on a pa th this degree of 1 : 
and met with acceptance, so I hail you as a brother. Yes, for that’s the wav the Be Labs instrumenticians 
[This brotherhood which you have joined has a watch- check deviations in compari! ne sta 
word. “What is it that unites us? Meters and gages? No: Is the 
re than instruments — Instrumentation.” These words, not? Because the wv i’s ultimate standards 
met with acceptance, so it may be explained that in- which indicate absolute values and t mer ieviations. 
strumentation (with a small i) refers to the things, are accurate to “only” one part in n ns and not 1 ne 


Examples: the navigational instruments of an airplane, t I At that, a five-cycle scale eadabie to a ten-n t 
! r the plane's power-plant instruments r all the ir , 12 1 . : 
- i t ' t a : i evele vould h« at ut + entv-five n es ng N 
ents or i plane or the irray of gages, meters I 7 : ; 
rs making up a boiler control panel; in short irdinated electric ciocKs plugged int a I n arge tities 
set of measurement and control devices], “nerfect” time: when a condit can be measu t 
vhile Instrumentation (with a capital I) refers to the 0.00001 in the laboratory. an indust t t 
science troller can hold that condition on the nose. “No cont 
the body of knowledge formulated and arranged in rational can be better than its primary element” and the bett t 
system by The Instrumentation Manual Project 1 perpetual pr i a “_ ; ; oh : : ie 
ect started eighteen years ago and destined to go on as long as measurement, the closer tne = 
mankind strives to do its work better and better]. No doubt, you are thinking of applying this principle 
We're all eager acolytes at the altar of this science, for helping win the war by improving some aut tic-cont 
it is an inexhaustible source of a rich mixture of fascina- ’b you know of. Brothe f that’s the w 


tion and practical bread-and-butter utility. Though infinite works, you’re an Instrumentician 1 
in its details, it nevertheless has been boiled down to four No doubt, one reason why you've become a reader is a 





fundamental doctrines: purely patriotic reason. Well, I was preaching Preparedness 
(1) Eliminate the variables by reducing them to measurables nm this page when some tner techn mag editors we! s 

— 2) Whatever is to be controlled should first be measur 

3 3) If you can measure it you can control its effects ree ; : : ; 

(4) If you control by hand you should control automatically warned against “the Nazi pla fT abolishing Cnristianity. 


Having read this far, you probably are getting the “feel” This page has been, is and wi | continue be dedicated 


ing we should “do business with Hitler.” Back in 1933 I 


of instrumentation and Instrumentation. Or you will be get- ielp you help win the we 
( ting it as you read Instruments. Or, for all I know, you 
had it before and that’s why you became a reader. At any 
rate, you surely know by now, if you didn’t before, that 


P , ‘ : {viation Instrumentation Department.—Plans are unde 
here’s a fraternity vernacular. It is called the Terminology : ; las = he 
¢ 2 ies : , , a ie way for the inauguratio! fa reguiar monthly department 
f Instrumentation. Like the science itself, it is in process: saat = : 

dealing with all aspects I aviatio! nstrumentation. It 


never will be finished. As with the science, a beginning 
is been made toward definitive meanings. This is especial- 
true of such words as “precision,” “sensitivity” and oe = 


probably will start in the June issu 


‘curacy.”’ I shan’t bore you with formal definitions. I only 

, nt to tell you that some of your fellow-members are thos« Instruments Publishing Co.’s First Service Star.—The 
ests of Precision whose feats. you read about. Not only many friends of William Scoltock, who combined the duties 
the National Bureau of Standards do they perform mir- of office assistant and outside representative, will be 

s of fine measurements, but in industrial research. 











Fig. 1. Evolution of the Glenn L. Martin Accelerometer Type Pickup 





Left—old carbon-pile type; right—latest variable-reactance type. 


Measuring the Elastic Airplane 


By WELCOME W. BENDER, JR. 


Vibration Engineer, The Glenn L. Martin Co., Baltimore, Md. 


ITH the development in recent years of large high- 

performance airplanes, the structural engineer has 

had to give increased attention to the problems of 
elastic deflections of the airplane, rather than to designs 
which are investigated for strength alone. But he has now 
become well aware that the physics of structures which are 
considered elastic, rather than rigid bodies, encompasses 
the broad field of vibrations and a dozen related specialized 
lines of study, which are all in one way or another con- 
nected with the dynamic performance of the airplane. 

The concepts of applied loads, gust accelerations, landing 
shock loads, induced vibrations due to engines, propellers, 
cannon and other auxiliary equipment of the ever more 
complex airplane, have to be revised when the airplane is 
considered a deformable rather than a rigid body. The seri- 
ousness of the problems of aerodynamic instability and flut- 
ter of wings, and control surfaces, has given great impetus 
to more extensive research in these fields. 

When these engineering problems began to be realized in 
their true perspective a few years ago, effective engineering 





Fig. 2. Martin variable-reactance pickup mounted by 
quick-acting suction cup. 
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was hindered by the lack of actual data on the many » 
lated phenomena, nor were reliable test instruments avyail- 
able to the researcher who would investigate the prol 
lems. While in some instances laboratory apparatus was 
available, it would by no means stand the rigors of flight 
testing with any degree of reliability or economic justifica 
tion. For instance, it became necessary to determine the 
actual landing accelerations encountered in large heavily 
loaded airplanes when flown by the average pilot. Thess 
might in many cases be as much as five to ten times th 
acceleration of gravity, or even greater. Not only must the 
measuring equipment be able to measure these accelerations 
within close limits, but if mounted within the airplane, it 
must itself be subject to relatively high impact accelera- 
tions. It must therefore be sturdy, able to stand wide varia- 
tion of atmospheric conditions, and, above all, it must b 
light and compact. 

This instrumentation problem has been attacked fron 
many angles and, as in many problems before this, the ai 
craft manufacturers and other research organizations have 


Fig. 3. View in Glenn L. Martin Instrument Laboratory where 
vibration equipment is built and tested 








{. Representative rec- ass 
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mount shock-mounting 
al. 

Amplitude of wing vi- 
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Aileron system in phase 
ion of both ailerons un- 
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to solve the problem 
selves and to devel- 
eir own systems of 
imentation in order 
eep pace with air- 
ne production de- 

n 1S. 
Notable results have 
ecently been released by 
the Glenn L. Martin Com- 
pany whose experience in 
vibration research dates 
ick to its design of large 
transoceanic flying boats 
several years ago. While 
the Martin engineers 
were primarily interested 
n vibrations in their ini- 
| researches, they have 
continually enlarged 
their experience and im- 
proved their technique so 
that they are now able, 
with a single set of equip- 
ment, to measure accu- 
rately vibrations, accel- 
erations and strains 
whether they be steady 
r oscillating, recurring 
or transient. Measure- 
ments have been many 
times, not only on all 
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sorts of routine ground 
vibration tests, but also 
on aircraft in flight, take- 
offs, landings, maneuvers 
and even during minor 
accidents. 

The Martin equipment, 
since it is electrical, elim- 
inates the multitude of 
dynamic and inertia er- 
rors to which purely me- 
chanical systems in them- 
selves are subject when- 


ever an attempt is made to adapt them for so wide a range 


¢ 


of service conditions as are experienced in aircraft use. 
[It became apparent at an early date that an accelerom- 
eter type pickup that could be readily mounted on any part 


of the airplane must be designed first, and the appropriate 


amplifying and recording equipment developed around it. 
A number of types of electrical accelerometers were investi- 
gated, several of which are shown in Fig. 1, which pictures 
the evolution of the Martin accelerometer pickup through 
jor steps of its development. The design which is now 
ing made available to the industry is approximately 1's 
diameter by 1%” high and weighs less than two ounces. 
can be used to measure accelerations or vibrations from 
frequency up to 100 cycles per second, and is linear 
its response up to twenty times the acceleration of 
ivity. 
rhe amplifiers are designed to operate in conjunction with 


al 


} 

















a standard commercial recording oscillograph which phot 
graphs the amplified pickup response on permanent ro 
paper film records from 6” to 12” wide. Several records 
showing typical results obtained during routine ground 
vibration tests are shown in Fig. 4. 


} 


But the Martin technique is not limited to the measure- 
ment of accelerations which furnish the designer with i: 
formation pertaining to the loads applied to the airplane 
Nor does it stop at the measurement of vibratory phenom 
ena whether due to forced excitation, aerodynamic instabil 
ity, turbulence of airflow and the like 

The same equipment has been designed to be used witl 
the now-familiar wire filament strain gages* which car 
be easily cemented to the airplane structure as for in 
stance, the wing spars, hull (Continued on page 140) 
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in airplane mechanic, apprentices bend low over quiz questions in a classroom at LaGuardia Field 


American Airlines’ Four-year Mechanics’ Course 


By ROBERT H. BURCK 


Senior Instrument Mechanic and Apprentice Instructor, American Airlines, Inc., La Guardia Field, N. Y. 


IONEER among airlines in the establishment of a rec- 
gnized apprentice training system, American Airlines, 


Inc., today is turning out full-fledged mechanics with 


well-rounded training obtained in classroom and shop 
luring the four-year course. 

Specialized mechanics are schooled by several depart- 
ments in the Maintenance Division, namely instrument over- 
engine overhaul, and airplane overhaul. The instru- 
nent shop now has fourteen apprentices learning 
icacies of aircraft instruments from 
the smallest pivot and hairspring of the 

iammeter to the installation com 
plications of a Sperry Automatic 
Pilot. When an applicant first 
s accepted for apprentice 
aining, he usually is as 
signed to the wrapping 
bench, where he learns 
the “do’s and don’ts”’ 


f instrument pack 


task May appear, it 
an important 
facto) ! assul 

safe arrival 
a newly-over 
auled instru 
! wh ch 1s 
sent to anothe1 
station on the 
Flagship routes. 
Two months later, 
when he has also 
worked on record 
keeping and stock 
room, the apprentice 
moves to the lapping 
bench. Here he acquires 
the light instrument touch 
and the ability to detect 
dirt on the delicate parts of 
an instrument. 

Especially is he struck with eet ee = eee 
actuated instruments, where h¢ 
can observe the effects of “breathed” cigaret smoke. Al] 
Ways an interesting and exciting phase of the training is 
the introduction to aircraft work. Under the eye of a me- 
chanic in charge of instrument installation for the air- 
plane overhaul department, the apprentice learns the role 
played by instruments in the flying end of the industry. 
He studies their placement on the panel, the various system 
hookups such as the fuel analyzer, airspeed and_ static 


pressure systems, vacuum system, electrical system, and 
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mechanic in AA’s Instrument 
: Overhaul Shon. instructs Apprentice George Schlehr in the cor- 
the effect of dirt on the vacuum rect adjustments of a pointer bar on a Sperry artificial horizon. 


the automatic pilot system. He assists the mechanic 
all airplane checks and frequently sees in operation th 
very instruments upon which he has worked in the s 
After two months in the airplane overhaul department, h¢ 
is ready for training in the Sperry section, which 
cludes the overhaul, calibration and check of the dire 
tional gyro, of the artificial horizon, and of the entir 
gyropilot with its many individual units. He finds that 
the automatic pilot really is a rather simple dé 
vice but that tolerances of various fits ar | 
fine and exacting. He develops an acutt 
sense of touch in learning to ba 
ance small rotors’ turning 
10,000 r.p.m. Here, as in othe 
sections, he learns just 
what havoc dirt cat 
wreak on the delicat 
parts. Not all 
training is acquir 
in the shops: ty 
every week, fo 
total of four hou 
he receives cla 
room and s! 
instruction i 
evenings. The ust 
of all instrument 
tools is dem: 
strated, and the 
apprentice learns 
the theories a 
principles of 
instruments fro! 
competent inst. 
tors who are speci: 
ists in their field 
During this classro 
work, which continu 
throughout the four yea 
the apprentice complet 
disassembles, overhauls, 
reassembles every type of 
strument used by American A 
lines. The instrument shop fi 
man maintains an_ up-to-tl 
minute chart showing at a glance in what section ea 
apprentice has studied and worked, how much theory 
has received and when he is scheduled for transfer to 
other department for another phase in the training. 
And when the four years have rolled by and he recei' 
his graduation certificate, the mechanic is qualified w) 
servedly to execute the repair, overhaul, and installat! 
of any instrument on a Flagship and to meet all the dive 


rs 


day-by-day problems in his field. 
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Government and Delta Give an Intensive Cour:e 





for Aircraft Instrument Mechanics 


By CARL F. NISBET, Jr. 


Foreman, Instrument Overhaul Shop, Delta Air Corp., Atlanta, Georgia 


ARLY in 1941 it became apparent that a scarcity of air 
craft instrument mechanics existed in the United States. 
\ group of watchmakers in Atlanta, Ga., realizing this 
age, appealed to the government for instruction. 

Federal representatives contacted William Stevens and 

is veteran instrument mechanics for Delta Air Lines, 

ut conducting a government class. We at first declined 

because we did not agree with their belief that a six-week 

would be sufficient to transform the watchmakers 
nto aircraft instrument mechanics. 

The net result was that they gave us full authority in 
planning the course of study and the length of instruction 
period for a series of classes sponsored in Atlanta by the 
Federal Security Agency, U. S. Office of Education, and 
tl War Department. The course runs six months, and 
classes are held four nights a week from 7:30 to 11:30 in 
an Atlanta high school. The schedule will soon be expanded 
t ix nights each week. 

In six months we feel confident that we can train a worke? 


‘ 


capable of handling the task assigned to him. Frequently 


the duties of an instrument mechanic for the government 
are restricted, or specialized, to the repairing of only a 
few instruments. 


It takes at least two years of practical work to turn out 
finished instrument worker for the commercial airlines, 

he must be thoroughly familiar with all types of instru 
ments and with their installation and removal. 

While officials of the school do not guarantee jobs, the 
record shows almost 100 percent employment of graduates. 
One reason for the popularity of the classes is that the men 
have been able to nearly double their earning capacity in 
most cases. 

For the most part, applicants are selected according to 
the date they filed their applications. We have about 250 
yn file now. 


Student in foreground is calibrating an 


We limit each class to 24, but have two classes ru: 
at the same time, getting their lecture and theory wo) 
night and their practical or laboratory work the next 
instance, right after they have a lecture on a standard alt 
meter, they go to the laboratory and work with that ir 
ment first hand. 

No particular education is required, but most of th¢ 
the class are high-school graduates. I first give each class 
the basic points they need about physics, mathematics, 
meteorology. The course begins with two weeks of mete 
ogy, taking up mercurial and aneroid barometers, t 
function, and what effect the weather has on the inst 
ments themselves. 

Aircraft instruments call for frequent overhaul becaus¢ 
they are subjected to so much moving around, and to sue 
wide variations of temperature and pressure. Naturally it 
is important for them to be accurate, as it is a matter of 
life or death if they are not. 

Next, other instruments are taken up in turn. Drawings 
of each are put on the blackboard and the function, pw 
pose, etc. are explained. The students are required to « 
these drawings in their own notebooks. Among the instru 


aq 
1 


ments studied are the capillary temperature gage, oil and 
fuel pressure gages, pressure warning units, suction gagy 
manifold pressure gage, air speed indicator, Pitot stati 
system, standard altimeter, sensitive altimeter, climb in 

cator, centrifugal tachometer, magnetic tachometer, ele 
tric tachometer, compasses, aircraft clocks, turn and bank 


indicator, Autosyns, Sperry directional gyroscope, and the 


Sperry horizon. 


In the laboratory, conducted by Mr. Stevens, the various 
instruments are studied first-hand. Members of the class 
must learn how to remove and install them, and to disas 
semble, clean, inspect, reassemble, and calibrate. Each oper- 
ation must be completed at least five separate times for 





Unposed shot of members of an advanced class intent upon their assigned task of cleaning and 


air-speed indicator inspecting magnetic tachometers, oil pressure gages, climb indicators, sensitive altimeters, etc 
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Na 


ipprentice watchmaker (left) 
hometer; a veteran watch- 
who has a job awaiting him 
, inspects a climb indicator. 


ABOVE- 
hand the cor 
urn-and-bank ir 


Nisbet lectures on the 
to a class; after which, 


BELOW Membe 
, ‘ wna ‘ working on 
iam Stevens gives individ- . , 
on the same instrument. 


cators and 


every instrument. They learn also how to run different lines 
to the instruments, methods of soldering connections, flaring 


Stevens and I 
be , ‘ classes as we are teacl ing the students. 
tubing, shock mounting, and some lathe work. 


| 1 hox 
aq We nay 


i ! They ask a lot of questions ar 
Five tests are given during the course, and the men are right answers before we 
recommended for jobs on the basis of their industry, eff I 


then 
“T have to show tl 

ciency, carefulness, and skill. that, when that 

Out of each group there is a certain number 


about 25 Delta 
* 30 percent—who can’t make the grade. We can 
who tl 


*y are in two to four weeks. 
A man who misses eight classes is dropped 


ng my re 


, I can sit down and do it much faster tl 
Members of the cl of all ag i various ty] 
= atin P , y ‘ i 4 
but we : have little to do y of the 
rtunate in having most people deeply interested i1 
rk—they have to be, to come four hours, 
ery week, after a full day at their regular jobs é 
The course costs them nothing, except for a textbook, a p 1 at the 
e government furnishes all equipment. als of $2200 
There have been no women in the class. No doul ‘f 


£ 


rou! 


rtly because the government is not hiring women for thi were placed he 
rk right now, but I see no reason why they couldn’t do i is 
Our class is one of only two that I know of in the 

tates which are conducted by the 


government and 
the public. 
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Functions of the TWA Instrument Departme it 


By WILLIAM P. DANKE 


Foreman, Instrument Dept., Transcontinental & Western Air Inc., Kansas City, Mo. 
































THINK I can say without fear of contradiction that sign. By reason of the National emergency, personne! 

instruments are truly the life-blood of modern air trans ing is a particularly vital activity. During the past y 

| | portation. If aircraft instruments had not been pet considerable number of instrument mechanics have enter 
| | ; fected, the great network of airlines criss-crossing our the armed forces, necessitating a schooling program j; 
i | nation could never have been developed. Aviation still would which we can instruct men with basic mechanical experienc 
: | ; be in the era of barnstormers and thrill seekers. Safe, com to become expert instrument technicians in the shortest 
fortable flying on regular schedules would be out of the possible time. Approximately 1500 to 2000 units pass thi 

|| question. The maintenance, repair and overhaul of aircraft 

| | instruments, plus a program directed toward improvement 


r development of new ones, are important functions of an 


ne. The instrument department of TWA is charged 
The author running a test on the 
: Turn and Bank Calibration Stand 
under our department include all navigation, engine and developed by TWA’s Instrument De- 
partment, whereby a rated turn of 3 
: : : degrees per second (TWA standard) 
and hydraulic pumps and cabin supercharger equipment. can be maintained to greater accu- 


TWA and Pan American are the only two airlines working racy than formerly possible. 


vith all these responsibilities. The instruments that come 


standard flight instruments; de-icer accessories; vacuum 


vith supercharging equipment as the high-altitude Boeing 










































| 
Stratoliners are the only planes employing pressurized 
j | cabins. Our department, quartered at the TWA main base 
: Kansas City, Mo., is divided into four divisions: Gyro 
scopic Instrument Shop: Navigation and Standard Flight 
i Instrument Shop; Accessory Overhaul Shop; and Main 
tenance, Repair and Service Division. 
Thirty-nine men are employed in the department, of which 
approximately 50% have government airplane or engine 
’ icenses, or both. There are one Crew Chief and two Mas- 
ter Mechanics 
In the standard flight instrument shop we maintain the 
supervision, codrdination and work control of all four shops 
in addition to the time control of 
all instruments over the entire 
coast-to-coast system of TWA. 
Time control, which keeps track of 
every instrument and can tell us 
| the total service time on any in 
strument at the end of every day, 
would require a separate article to 
adequately describe its operations. the department each month. It is 
io aan sant Figen aaa ned necessary to train instrument mi 
ars sits eins iia <2 chanics who are capable of hai 
struments at New York, Pitts- lling overhaul and calibrating p1 
burgh, Chicago, | pst Angeles and cedures on all types of instruments. 
San Francisco, but all major ove} Altimeter test stand in Most of our mechanics are gradi 
haul is done in Kansas City. which six instruments can é 2 : perey ew ae 
Phree if the most important ac Stake cbumdin tas te el secerdg on ba e wa oi dal 
’ * eg ; an De hei system which begins with the mai! 
. tivities in Kansas Citv are (1) at amy temperature from ? OSS eee, z 
; personnel training, (2) design and 135 to —30°F. and any tenance division and progressive 


















pressure down to 3” mer 
cury abs. Pioneer master 
barometer in thermostated 
chamber at left 


moves through all phases of ea 
of the other three shops. 

Each of the instruments is 
moved from our aircraft at 
end of 600 flying hours for pe 
odic repair. They are disassembl 
cleaned and inspected and recalibrated on equipment wl 
has been designed to simulate actual flying conditions 
well as check accuracy against calibrated standards wh 
are held to much higher standards of specifications th 
the original factory calibration. After from 1500 to 30 
flying hours (depending on the type of instrument) the 
same instruments are completely overhauled and rebu 






ure of shop and service 













quipment and (3) experimental 









development of new instrument dé { 















Al Jordan, Crew Chief of 
IWA’s Instrument Depart 
ment, working on the strobo 
scopic tachometer calibrating 
stand comprising a synchron 









ous motor, variable-reduction 
gear box, manifold drive for 
six tachometers, and 

stroboscope 








We have reason to be especially proud of the Design a1 
Development Section of our department. We have desig 
and built several new developments that contribute n 
terially to our test facilities as well as do certain j 
faster and more efficiently. These include (see illustrations 

(1) A Turn and Bank Calibration Stand, by which 
rated turn of 3 degrees per second (which is TWA stan 
ard rate of turn in all instrument flying procedures) ca 
be maintained to a far greater accuracy than formerly wi 
(Continued on page j 
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Designed to provide a written recorc 
ically, of practically everything thc 
on board a plane in flight—including 
logical reaction of the pilot—the amazing 
Flight Analyzer is standard equipment on 
U. S. airliner and widely used by airplane m 
facturers, the Army Air Corps, the Navy 
Civil Aeronautics Authority 


tne 


As in many new developments as well « 

of older familiar instruments and appli 
our daily life—Sylphon Bellows here a¢ 

to serve a purpose nothing else 

quite as well. In both the altitude and 


Above: The Friez Flight Analyzer. a 
g = acceleration units of these instruments, tw: 


It is possible with recording in- s Z ace . 
struments of this type to cover Sylphon Bellows are employed—the first bel 


such functions as altitude, vertical each case actuating the recording pen 
acceleration, air speed, carbure- second correcting for static conditions 


tormanifold pressure,engine RPM, . 
cable control motion, passing of The versatile Sylphon Metal Bellows offers many 


radio beacons, the operation of things to the designer—a highly efficient dia 
j transmi er- 
Gyto pitt, samo transmitter qper phragm for converting pressure effects into 
ation, de-icer operation, etc., etc. ‘ 6] te lage 
- trolled movement, for making flexible sealed 
connections of moving parts, providing expansion 


At left: One of the Sylphon Bel- : 
lowe actuated units of the Fries chambers and a wide variety of similar services 
Flight Analyzer. Wnite for Bulletin JX-130. 


THE FULTON SYLPHON CO. 
KNOXVILLE, TENNESSEE 


Representatives in All Principal Cities in U.S. A. and in Montreal, Canada.and London, England 








UR entrance into the war has emphasized the vital 
importance of the operation of aircraft motors with 
the minimum of attention. One of the critical points 


f radial engines is the rocker arm bearing. Timken rocker 
arm bearings take a combination of radial load from the 
valve action and thrust load from the angularity of the 
push rod. The bearing consists of a double inner race and 
two single outer races spread apart by a horseshoe spacer 
to give proper internal operating clearance. This article 
describes (chiefly by means of self-explanatory illustra- 
tions) a machine for checking the cup concentricity on 
rocker arm bearings, which is believed to be ideally suited 
to its application. 

The cups in the rocker arm assemblies have a small rib at 
the extreme end of their O.D., and instead of just checking 
the cup O.D. runout, as is necessary in ordinary bearing 
cups, it also is necessary to check the runout of this rib on 
the cup. In this respect, the machine is unique in that it 
can check the runout of the cup O.D. at the same time that 
it is checking the runout of the cup rib. 


Concentricity Checking Machine for 
Airplane Rocker Arm Bearings 


By J. R. DRUMMOND 


Chief Engineer, The Timken Roller Bearing Co., Canton, Ohio 


Illustrations 


on facing pa 


The principal features of this machine are to have the 
cone held stationary and have it centered on a stud; turn 
the cup by means of a floating pressure plate; and take th 
readings on two dial gages (graduated in ten-thousandths) 
by means of two levers which retract when the: spi 
which carries the floating pressure plate, moves up. 

Note that the hinges of the gage levers are formed by 
spring blades. The up-and-down motion of the spin e, 
which is over-balanced by a counterweight, is obtained 
from a foot pedal. The downward pressure of the floating 
pressure plate is produced by an adjustable spring. When 
the spindle goes up, the pressure plate holder centers itself 
in the tapered bore, but it is lifted out of this bore in the 
gaging position. 

Only one simple part changeover is required to set this 
machine up for checking a specific bearing assembly. The 
pressure plate, which revolves the assembly, and the adap- 
ter, on which the assembly is mounted, must both be in- 
stalled to suit the assembly to be checked. 
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Twelve-point Recorder Facilitates Analyses of 
Heat Treatment Processes 






H. ISAACS 


Instrument Engineer, Wright Aeronautical Corp., Cincinnati, Ohio 


chart recorder with 20 seconds per point printing speed, 4 
per hour chart speed, and ranges of either 0 to 1000°F 


prope! ly distrib 


1600°F. The range is selected by a toggle switc] 
process itself determines the range that is to 

1 shows a typical portion of a chart taken fron 
metal-heating process. The test report usually consist 


s a normal psychological 


" assurances that 
actory calibration, the re 


temperatures 
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of couple locations, a brief description of any 








conditions that might have been imposed, and 


the test instrument record. Such a record 


usually much easier to analyze and convert into meaningful 


terms 


of the process itself than any list of manu 


observed and logged temperatures that, on a multicou 


a series of temperature observati 


the work passes through the 


compiete picture of what might be required of fu 
1] 
| 


results, however, to use 


ture designs, and to more intel 





usually cover a number of pages. 


of these analyses have already contributed to 


and minor design changes in certain ovens, t 


igent operation of present 
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* During the past three years we have developed special manometers for testing 


and calibrating aircraft instruments. These manometers have proven highly satis- 


factory as evident from the fact that practically every U. S. Army and Navy Base 


is now using them. 


TESTING ALTIMETERS. For the testing 
of altimeters, altitude chambers are avail- 
able—where control of pressure within 
the chamber will duplicate high altitude 
conditions—for the full range calibration 
of the altimeter. Manometers used in con- 
junction with the altitude chambers can be 
furnished graduated so that reading is di- 
rectly in altitudes. 


CHECKING AND TESTING AIR SPEED 
INDICATORS. For the testing and check- 
ing of air speed indicators Meriam Ma- 
nometers are available with direct reading 
scales graduated in miles per hour and in 
knots. To insure accuracy for the low speed 
ranges, manometers can be furnished using 
water or light gravity fluids. 


CHECKING MANIFOLD PRESSURE 
GAUGES. For the checking of manifold 





pressure gauges, Meriam instruments can 
be supplied with direct reading scales in 
inches and tenths of mercury absolute. As 
the scales can be adjusted for changes in 
barometric pressure at time of test, these 
instruments eliminate the necessity of cal- 
culation. 


IF YOU HAVE A MEASUREMENT PROB- 
LEM. For the accurate measurement of all 
pressures, vacuums or differential pres 
sures Meriam Manometers are available to 
meet exactly your particular needs. 

As specialists for 31 years in instrument 
manufacture we have had extensive experi- 
ence in this field. We shall be pleased to 
have you write us fully so that we can be 
of most assistance in helping solve your 
measurement problem. For description of 
standard manometer products, write for 
catalog C-10. 


THE MERIAM COMPANY 


1971 WEST 112TH STREET 


CLEVELAND, OHIO 







































Guide Vanes for the Cup Anemometer 


By ALEXANDER KLEMIN and W. C. WALLING 


Guggenheim Research Professor 









Graduate Assistant 


New York University, New York City 


HE CUP ANEMOMETER, 


the stationary 


t 


of the rotating 01 
indicate below a 
torque to 


whethe1 
pressure type, cannot 
certain If there frictional 
the instrument would be theoretically capable of 
‘ating down to zero velocity. If the frictional torque is 
independent of the wind speed (as it is in 


were no 


spe ed. 


assumed to be 
all probability) the speed of indication may be represented 


rotating-cup anemometer by an equation of the 


general form: 
Q kK, (3 wR) - Ko (\ R)- 
ere 
GY frictional torque. 
kK a constant appropriate to the aerodynamic moment 
produced by the concave cup surface retreating from the 
vind 
kK. a constant appropriate to the aerodynamic moment 
produced by the convex cup surface advancing into the 
nd, 
| velocity of the air-stream, 
R l uantity representative of the rotational velocity 
t the cups 
angular velocity, 
R radius. 
When the anemometer ceases to indicate, we have 
Q K,V2— K2V* (Kk, Ko) V 
so that J Q./ (Ky Ke) and V V[Q./ (ky Kz) ] 


If the velocity of the air-stream were by method 
nereased to nV at its point of contact with the anemometer, 


the equation would become 


some 


V (1/n) \V[Q./(h, K»)] 


f indication would vary in- 


locity ¢ 
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Fig. 1 Principles of the Guide Vanes 


view of the real complexity of the theory of 
and of its variability of per- 
these equations should not be considered exact but 


UT course, In 
the Robinson cup anemometer, 
formance, 
merely indicative of the basic principles. 

If the of the “bridled cup” type, 
the cups move slightly against the action of a spring, the 
indication would likewise be reduced, 
since also aerodynamic forces due to wind 
velocity are balanced by frictional forces. 

It occurred time ago to the first author of this 
article that if suitable stationary guide vanes were pro- 


anemometer is where 
minimum velocity of 


with this type 


some 
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vided for the cup anemometer, the velocity acting or 
cups might be increased and the minimum velocity of 
cation might be reduced without recourse to highly del 
and expensive design. The standard anemometer of 
merce could then be made to give indications of | 
velocity—an advantage in certain uses of the instrume1 

The character of the guide vanes is illustrated diagram a 
matically in Fig. 1, and from this diagram it may be 
mised that the effective velocity acting on the anemon X 
cups would be increased for two reasons: 

(1) The area of the stream 
the air affected by the 
obliged to pass 


iffected is increased, and sin 
external diameter of the 
through the area represented by 


guide vane 
their int 


diameter, a Venturi effect is produced. 
(2) The inclination of the vanes to the tangent of the i 
circumference tends to increase still further the velocity 
impinging on the concave side of the cups and to shelter the <= 
presenting a convex surface to the air-stream. 


To verify or disprove the above hypothesis, a numbe: 
simple experiments were carried out in the four-foot w 
tunnel of New York University with application of guid = 
vanes to a conventional rotating-cup anemometer. 

APPARATUS AND EXPERIMENTAL METHODS 

The tests were conducted on a M. C. Stewart four-cuj 
anemometer, with cups of 2%” diameter and a circle of 11] 
diameter scribed by the rotating cups. The Stewart anemon 
eter is provided with dry cells, light bulb, reduction gea 
ing, contact maker, etc., so that the number of flashes 
minute is an indication of the wind velocity. The characte: 
of the experimentation was simple. The anemometer was 
placed on a suitable stand in the four-foot wind tunn 


The velocity indicated by the anemometer without vanes 1. 
was recorded for a given tunnel velocity. The test was ther effe 
repeated at the same tunnel speed with guide vanes in posi n é 
tion, and the velocity was again recorded. The percentag i 6 
increase in indicated velocity was taken to be a measure of tan 
effectiveness of the guide vanes. The actual experimenta win 
apparatus is indicated diagrammatically in Figs. 2 and 3, ros 
which show three types of guide vanes, two trapezoidal and 221 
one rectangular. Usi 
Actual details of design, methods of securing vanes, of chans inc 
their angular position, ete., are of little importance. It should was 
stated that the apparatus employed throughout was home-n - 

ind rather crude, and introduced much unnecessary erodyna : 
disturbance It should also be noted that in addition to g wit 
ines, cone-shaped hoods w investigated which constitut ; 
species of Venturi of revolution. x 
m : . wit 
rhe tests were undertaken at wind tunnel speeds of " 
(F 


and 18 miles per hour. 
PURPOSES OF TESTS UNDERTAKEN 

It is not essential for the purpose of this paper to classif 
or describe the experiments in great detail. General class 
fication and presentation of the main findings 
sufficient. 

The purposes of the tests are best set forth by listing t] 
questions to which replies are sought: 

(1) What is the effect of the 

(2) What is the effect of the 


concise 


guide vanes employ: 


number of 


ingular setting of the vanes 


(3) What is the difference in effectiveness of trapezoidal 
rectangular vanes 

(4) Is the Venturi hood of any value 

(5) Is the combination of Venturi hood and guide vanes 
sirabl 

(6) Does the instrument retain its linearity after applicatior 
the guide vanes? 

(7) How important is the orientation of the air-stream to t 
guide vanes 

(8) Will any advantage be obtained by altering the angk 
the anemometer cups in relation to the supporting arms? 

(9) With utilization of the best means disclosed so far, wl 
increase in indicated velocity may be expected? 

(10) What increase in indicated velocity may be expected w 


further research? 
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Fig. 2. Apparatus ‘‘A.’ 


DISCUSSION OF RESULTS 


1. Effect of the number of guide The 
effects of using 16, 8, or 4 guides vanes were investigated 
in an early group of tests. The vanes (Fig. 3) were set in 
a 60° Venturi hood at a position angle of vane to cup 
tangent of approximately 30°. Using 16 guide vanes, the 
wind velocity was increased 47%; with 8 vanes the increase 

50%. However, when the apparatus rotated 
(8 vanes are 45° apart), the increase fell to 40%. 
Using four vanes (90° apart), the velocity showed a 35% 
increase in one position and a 15% loss when the apparatus 
was rotated 45°. These results show that at least 12 vanes 
are necessary to get substantial increase in velocity coupled 
with independence of wind direction. 


vanes € mploye a2 


rose to was 


9914, 


vane angular setting: Tests were run 
with the guide vanes set respectively at position angles 
(Fig. 3) of 90°, 60°, 45°, 30°, 20°, 15°, and 10°, measured 
from the tangent to the outer circle scribed by the rotating 


2. Effect of guide 
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Fig. 4. Effect of Guide Vane Angular Setting 


Fig Diagra 4 s 'B 
cups. At iz mph, with the Vanes set at YU to this tangent 
(that. is, set radially from the center of the rotating cups 


the anemometer was slowed down 32% 
plained by the 
from the cups and concentrated at the center 
eter. However, as the 
rose until at 15 g 

angles less than 15° the results fell off rapidly. The effect 
of angular position of the 


of Fig. 4. 


hypothesis that the air is directed away 


angle was decreased, the resu 
increase Was attained. At 


vane is indicated by the curve 


3. Effect of guide vane shape: Tests on vane angle set 
ting were run with trapezoidal vanes with a 60° inclined 
angle, as shown in Fig. 3. When these vanes were cut dow? 
to a rectangular shape 312” wide (the width of the inne 


edge of the trapezoid) and tested at the optimum angle set 
ting of 15°, the increase of speed fell from 103% to 6 

Apparently, edge effects occur above and below the appa 
ratus, and the trapezoidal vane serves the sam«e 
might be served by a very wide rectangular vane in elin 


purpose as 


inating edge effects. 

$1, Effect of Tests 
Venturi type hoods each having a different included angle. 
It was found that a 0 
ed up the air about 15%, and the 60 


Venturi-hood: were run with three 


100d had no effect, a 30° hood speed 


hood produced about 


20% increase. 

5. Effect of combination of Venturi-hood and ) ride 
vanes: It was hoped that the 103% increase obtained witl 
the 12 guide vanes at 15° to the tangent, combined with 
the 20% increase of the 60° venturi-hood, would give ar 
even better result. Instead, the velocity increase with the 


combination of hood and vanes fell off to 56%. Apparent] 
the design of the Venturi-hoods is too abrupt in change of 


passage and creates considerable turbulence. 


: The relation 
velocity of the 


, Linearity with guide vanes in positio? 


ship between air speed and the rotational 
ordinary cup anemometer is approximately linear. To check 
whether this relationship was altered or not by the applica 


tion of the guide vanes, the indicated anemometer velocities 
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ere recorded for a number of wind tunnel velocities. These 
esults, as plotted in Fig. 5, show that an approximately 
‘ ‘ ( » is retained. The number of rectangulat 
nes employed this test was twelve, set first at 15° and 
t 4 

Bij ec yf entiation of the an tream A run was 

( twelve guide vanes 30° apart at various veloci 

A seco! l is made by rotating the apparatus 15 
thus giving two critical positions. The results of this test 


ind tunnel velocity of 


20 mp! the iunemometer velocity differed mph for the 
two positior However, at three miles tunnel speed, the 

fference was only 0.8 mph, approximately. Considering 
these results, it would seem advisable to use 16 or 18 guide 


anes to reduce the effect of orientation of the air stream. 
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bi ( Effect of Ortrentation of the Air Stream 
8. Bending cups back: Finally, it was found that by 
bending back the cups 15°, so that, as indicated in Fig. 1, 


them results of 


were raised to 109% 


e air strikes more normally, the best 
105% increase 
leanliness: It emphasized 
‘dirty”’ 


might be 


y lerodynamic§ ( should be 


that the apparatus used in this research was aero 
dynamically. Fo that 
tunnel, the wood frame supporting the guide 
optimistic to pre 
with 
Some of the experiments give support to 


example, so apparatus 
sturdy in the 
vanes was made bulky. It is not overly 


dict an additional increase of velocity more stream 

ned apparatus. 
this contention. The initial experiments made use of a much 
“cleaner” framework, but it was not suited for adjustments 


rf the 


n whicl 


guide framework 


vane position angle. With a later 


position angle could be varied, but which gave 


a “dirtier” apparatus, the same angular setting reduced 


speed to about two-thirds of the speed attained with the 


“cleaner” apparatus. 


SUGGESTIONS FOR FURTHER RESEARCH 


If it is found desirable to continue research, experiments 


might well be along the following lines: 


\ fined apparatus based on the best onditions found t 

t ld be ested first The vane ind framework hould b 

ul metal constructior sturdy enough to withstand reasor 
bly rong wind Sixteen to eighteen guide vanes should be used 
t at | tior f to th tangent. The ines should be bout 
r tray I hape witl the Inner ed mewhat 

than t! met f tl in ymeter cups 

The t t I ! f ircular plates ne ibove and ne 

W } ‘ . wi Fig might be tested, 1 haps 
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{ \ } ul Del 
‘ } t 
i l I il 
I n ek t ‘ ‘ the ir will 
l 1 t I W ld be 1 1 
t nt edge \y ild be 1 to the t 
| | ible t ne haped Venturi-ho¢ wit 4 
' f col | b turbulence t the 
t uilit ! t nt ned b the \ turi-! j 
t. How er, if hit | \ lesigned that t i 10 
tt tr nten it Db ! entering the cups { ich tt Por > 
e for Lb \ le ne ind the hoods would apy 
I ndtl wind innel entry) I 1 ntage tl ugh tl 
Db i a 
Another pt ble line f research would be to cut dow i) 
lengtl f the nemometer cuy irms while retaining the 
external diameter of the vane in this way increasing the 
capturing effect 
Experiments in application of the vanes to other make 
inemometers, rotating and bridled cup type, should be underta 


par 


Ti 


7. In the 4-ft. wind tunnel in which the experiments were n 
the speed of the air stream could not be reduced below 10 1 
object of the vanes is to reduce the minimum sg} 

would be highly desirable to carry the 

down to the very 


Since the matin 
of indication, it 
experimentation velocities either ir 
tunnel with wider speed range, or in free air, or with a sir 
type of whirling arm 


range 


lowest 
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Vanes for Cup Anemometers. Ou 


ag re posed Curved Guide 
edge of vane is radial, inner edge 15° from tangent. Note 


Cups are b 


GENERAL CONCLUSIONS 

for an air stream 
V, has been obtained by the use of guide vanes 
Since the stopping or starting speed of the anemometé 
was shown to be approximately universally proportional 


A definitely increased velocity, nV, 
velocity 


n and since an » of 2.09 was obtained in these experiment 
the stopping speed should be reduced about 50%. Howeve 
it is reasonable to expect that even better results will di 
velop through the use of a refined apparatus and by furth¢ 


research. 





In closing, it might be well to suggest a few practic 
applications for the standard anemometer of commerce 
it can be made to function at low stopping speeds: 

(a) Indication of low 
chemical warfare. 

(b) Measurement of 


wind velocities in connection wit 


wind velocities passing over 


SLOV 
EQUIPN 


evaporation pan set in deep woods. 

(c) Indication of the low velocities close to the grow 
There are a number of theoretical problems, for which 
plot of velocity versus height above the ground is desir‘ 
and where low indications are desirable. 
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esentative of the mechani- 
electrical types of gages 
es are light-weight, simple, 
nsive, and reliable. The field 
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Characteristics and Aircraft Applications 
of Wire Resistance Strain Gages 


By A. V. de FOREST 


Professor, Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, Mass. 


URING the past two years more strain measurements 

have been made than in the previous century. On 

many engineering projects, from the massive pen- 
stocks of Boulder Dam to dirigibles and airplanes, design- 
ers needed measurements of local strain and went to great 
trouble and expense to secure them, but the instruments in 
use, or those especially invented for the various projects, 
did not permit of mass measurements. The wire gage is 
ust the trick to provide a method of rapidly reading 
strains at widely separated points with any desired degree 
of sensitivity and accuracy. 

It seems difficult to understand why the wire-resistance 
gage was so late in being invented. The need has long been 
evident, and the invention of strain gages is almost a 
hobby among instrumenticians. As it happened, the funda- 
mental idea was arrived at by Simmons at the California 
Institute of Technology, and some notable improvements 
and applications were arrived at by Ruge at the Massa- 
chusetts Institute of Technology. This idea consisted in 
cementing down to a metal surface a small-diameter re- 
sistance wire, properly insulated, and measuring the change 
in length of the wire by measuring its change in resistance. 
The fact that many wires change resistance when strained 
elastically was already well known from Bridgman’s work! 
on the measurement of hydrostatic pressures by means of 
coils of resistance wire. Carlson? had long used a strain 
gage for concrete in which the difference in tension, ap- 
plied to two stretched coils of wire, was measured as a 
change in resistance. The final step lay in the recognition 
that a small-diameter wire (of the order of 0.001”) could 
be so firmly held in a plastic cement, such as celluloid dis- 
solved in acetone, glyptol, or Bakelite, that it could meas- 
ure the strain applied to the metal to which it was bound, 
and respond accurately both in tension and compression, 
both statically and dynamically, both above and below the 
actual elastic limit of the measuring wire. The gage wire 
is held in cement which itself is not perfectly elastic, which 
has a low modulus, and a large temperature coefficient of 
expansion, and yet transmits strain so accurately that 
changes of load of 3 lbs./in.2 may be measured in steel, 
corresponding to 9.0000001 inch per inch. 

The limitations appear to lie, not in the gage, but in the 
measuring equipment to read or record resistance changes. 
The original inventions of Simmons and Ruge have been 
taken over by the Baldwin-Southwark Division of the Bald- 
win Locomotive Works, through whom the gage has reached 
commercial requirements under the trade name of “SR-4 
gages.”’ These wire gages consist of a length of one-mil 
wire, looped back and forth over a %” length by *4¢” wide, 
soldered at both ends to short copper lead wires, and the 
whole held in place by such a cement as Duco to a sheet of 
thin paper. In use, the paper is simply cemented with a 
sufficient layer of Duco to the desired spot and oriented in 
the direction in which the strain is to be measured. After 
two to ten hours drying period, depending on whether a 
hot-air blower is used, the gage is ready to use. DeKhotin 
sky cement is often used for quick applications and to per- 


P. W. Bridgman. 1 tical Consider : ' Nat , 
M lic I istan with Especial Regard to the Pr Effects 
I sical Review, Vol. 9, No. 4, Series 1917, pag 969-289 
. W. Bridgmar Effect of Tension on the Ther l and El 
tr Cor tivit f Metals in icad { & S Vol } 
No. 6, 192 pag 117-137 
I w. < } Years’ Imy nt f | tr W 
S ! M } } Ne } ( \ 1] ’ pages 
R. W., ¢ lson. Electric Strain Meter and Its 1 nM ing 
Ir Strair P d s ASTM. Vol | | 1 S 
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mit removal and re-use. For dynamic measurements 
drying cements are available which permit tests to be 
within ten minutes. This size and construction is me 
convenient one and the resistance wire may be u 
many sizes and arrangements including surfaces of 
curvature. 

The business end of the gage is the resistance wir 
its method of support is the cement. Obviously the 
reaches the wire only through the medium of the c« 
which carries a transverse as well as a longitudinal 
to the wire. This is obviously so in compression, where 1 
wire may be brought back to its original dimensions 
resistance after plastic deformation. 

When a length of wire is elongated elastically, it ( 
duced in diameter by the amount corresponding to Poisson’ 
ratio for that metal in the metallurgical structure whi 
happens to have. This factor has never been measur 
small diameters, but in larger wire is about 0.3. An increas 
in length of 0.1% and a corresponding reduction in dian 
eter would give a change in resistance of 0.17%. A ¢ 
venient method of presenting strain sensitivity is to us 
factor representing the ratio of unit change in resistance 
divided by unit change in length. A wire of 0.30 Poisson’s 
ratio which changed resistance only by virtue of its geon 
etry would have a factor of 1.7. Measurement of severa 
available metals and alloy gives the strain sensitivity fac 
tors in Table f. 


Table I 
Stress in Ibs. /in 
Strain equivalent to 1° C 
Wire Sensitivity temp. change on ste¢ 
eee eee 0.47.. 400. 
Nickel .. es A : 12.1 ; 13,500. non linear 
Nichrome P pawkhe ae + 2,100, 
Phosphor Bronze ....... 1.90 sos 6 70e. 
5% Iridium Platinum.... 5.1 : +-11,600. 
Advance .. , ike : Bak? 0% a +30. selected m 
re es ' 28. : 200. 
Monel - eo 1.9 ste L_§ 000, 
Iso Elastic ... : 3.6 oe 5 000. 


Annealing exerts a considerable influence on strain sen- 
sitivity, and the various factors in wire drawing undoubt- 
edly are involved, but no research work has been done o! 
this subject. It is certain, however, that small amounts of 
cold work such as strain beyond the elastic limit in |! 
dling, or by overloading the gage, have a negligible effect 
Some alloy wire appears to show hysteresis between stral 
and resistance. Nickel has a strong negative sensitivity, 
other words, decreases resistance as the wire is stretched 
and is somewhat unstable. 

Another requirement of suitable wire is that its temp¢ 
ture coefficient of resistance must be low for static meas 
urements, otherwise a slight change in temperature w' 
be interpreted as a change in strain. This temperature tf 
tor is more complicated than the ordinary temperat 
coefficient of resistance, as the wire in the applied gag' 
strained by the expansion and contraction of the meta 
which it is cemented, and is influenced by this changing 
dimension and by that of the cement in which it is 
bedded. While a compensation could be made by employ 
two wires in the gage, one of positive and the other of n¢ 
tive temperature coefficient, this solution has proved 
practical. The customary method is to choose a wire 
the gage which has only a small overall change due to 
coefficient of expansion of the metal on which it is t 
used and its own temperature coefficient of resistance, ‘ 


to compensate by means of a similar gage, mounted 0! 
similar metal at the same temperature but free of str: 
in the opposite arm of the measuring bridge. 

This arrangement of a dummy gage may be easly ¢ 















for exact work by heating and cooling the part to 

the working gage is attached and the dummy over 

<pected temperature range. In conducting careful 

rements of this type it was found that the coefficient 

vansion of steel is extremely sensitive to cold work, 

e difference in expansion of the two sides of a cold- 

ed bar can lead to confusing results. To compare the 

erature behavior of two gages precisely it is necessary 

ount them close together on the same side of an an- 

ed bar. Such effects as these, however, are only impor- 

vhen dealing with strains of the order of one part in 

ion, and where theories of elastic behavior are in- 

ed, rather than problems of working loads or struc- 
strength. 

Vhen dynamic loads only are involved the strain meas- 

ment is completed before a change in temperature can 

place; and other wires than those of extremely low 

perature coefficient are available. Of these the best with 

ird to high resistance, high and uniform strain sensitiv- 

freedom from hysteresis on loading and unloading, and 

portant from a manufacturing point of view, ability to 

der readily is the “Isoelastic,” a 36% Ni, 8% Cr, 0.5% 

Mo wire. This alloy was developed by John Chatillon & 

Sons for precision springs of negligible temperature coeffi- 

cient of elastic modulus. The high strain sensitivity is asso- 

ciated with another property of this alloy, namely its abil- 
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ity to endure a high degree of cold work. In the annealed 
state, the strain sensitivity is greatly lowered. This wire 
has an extremely low mechanical hysteresis, but this fea- 
ture has no apparent relation to its excellent behavior as a 
gage wire, for other alloys showing greater mechanical 
hysteresis do not necessarily show hysteresis between strain 
and electrical resistance. 


Of the two alloys used commercially for their low tem- 


perature coefficient of resistance, namely Manganin and 
Constantan, the former has a low strain sensitivity 
although its low thermoelectric behavior against copper 


would be a great convenience. In general the Constantan 
type alloy is satisfactory, and the thermoelectric effect can 
taken care of where necessary by special precautions. 
The simplest of these is to use alternating current for the 
measuring bridge. When working with a d-c. bridge at high 
sensitivity, the battery may be reversed and the bridge re- 
balanced. Among other alloys of low temperature coefficient 
f resistance, the 97.5% Au, 2.5% Cr. showed practically 
) Strain sensitivity: although the length was increased 
the area decreased there was a negative strain sensi- 
ity sufficient to maintain a constant resistance. Such a 
ate of affairs is difficult to account for, but indicates a 
st desirable characteristic for standard resistances. 


und 


Fig. 1 shows a plot of strain versus resistance for a Con- 
intan wire gage. It may be seen that there is no change 
slope on passing through the yield point of the wire. 
fact that strain sensitivity is substantially constant, 


and not a function of stress in the wire, is another unex 
plained but fortunate feature of this property. 


APPLICATIONS OF GAGES 


The most obvious use for wire gages is measuring local 
strains in complicated and redundant structures such as 
found in airplanes. In this field as many as 2000 gages are 
used in a test under static loading by 
jacked-in loads. The loads themselves may conveniently be 
measured by gages on suitable sized weigh-bars between 
jack and structure. In such weighing problems, eccentricity 
of load can be completely eliminated by 
opposite diameters, or all the way around either tension o1 
compression members. Such cases as measuring the total 
tension or compression of a bar subject to simultaneous 
bending may be simply handled, as also the bending or tor 
sion component without the effect of longitudinal strain. A 
column in compression may be measured in bending 
by subtracting the strains on opposite sides, when the 
gages at these locations are connected in opposite arms of 


single means of 


using gages on 


two 


a bridge, or the total compression load measured by placing 
the gages in the same side. In many tests of compressio1 
members, the eccentricity of the load, rather than its total, 
is important. 

to the axis of a shaft, 


By placing pairs of gages at 45 


the total torsion may be measured without any disturbances 





from bending; or the thrust in a tail shaft may be 
ured without disturbance from the torque. For this meas- 
urement a high sensitivity may be needed for the bending 
component and a low one for the total compression. With 
suitable switchgear the bridge sensitivity may be 
for any individual measurement, and without readjustment 
of the zero position. By proper construction, thrust 
torque dynamometers may be built in which the reading is 
] 


ius 


meas 


altered 
and 


independent of slip-ring resistance. Such a device is i 
trated in Fig. 2. 

Another useful modification of the gage is used for stress 
analysis where combined stress is present. Four wires cross 
ing at 45°, or three wires at 60°, make it 
culate the elipse of stress over the area covered, usually a 
one-inch diameter. If a slightly larger area of uniform 
stress distribution is available, three standard gages at 60 
may be used. 


possible to cal 


In many cases wire gages are convenient to measure dis 
placements up to several tenths of an inch. This is 


opposite sides of a 


easily 
done by placing gages on cantilever 
spring and measuring the difference in the two 
sides. The total motion of the spring end may be large, and 
measured at reduced sensitivity, but any particular portion 
of the whole scale may be greatly extended. Quite evidently 
this procedure is equivalent to using a weigh-bar carrying 
wire gages in series with a coil spring. By vary 
sign of the spring, deflections of any order of magnitude 
be measured. Among othe: 


stress on 


ing the de 


may obvious applications are 
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measurements of pressure both in liquids or gases or those 


ecurring in soils; accelerometers with high natural fre 


quencies are readily constructed but require oscillographic 


recording. Slowly- or rapidly-changing loads, either tran- 
sients or sustained vibrations, can be readily recorded by 
appropriate Instruments. 


METHODS OF MEASURING OR RECORDING STRAINS 


All the customary methods for the measurement of resist- 
ance are available for measuring strain when properly han 
dled. However, certain fundamental limitations must be 
born in mind. For static measurements, d-c. and a-c. gal 
anometers are readily available with sufficient sensitivity 
and sufficiently short periods to provide for the most exact- 
ing measurement. There is on the market a convenient 
form of bridge, known as the “SR-4 Control Box” and con- 
taining a d-c. galvanometer of the following characteristics: 
Resistance 50 ohms, period 2 seconds, sensitivity 0.04 micro 
amps./mm. deflection on the scale. A multiple-reflection 
system is used for compactness. Either null or deflection 
method over a wide range of sensitivities is available. At 
the expense of sensitivity, shorter periods may be used. 
Occasionally 60-cycle a-c. bridges and galvanometers are 
convenient, particularly to avoid small thermal voltages 
generated at slip rings on torque dynamometers. For sim- 
plicity, long-time stability, and freedom from calibration 
difficulties, the absence of vacuum-tube amplification is 
often desirable and is obtainable only through the use of 
galvanometers. Electronic strain indicators and _ round- 
chart recorders are available as well as potentiometer re- 
corders of the types used for pyrometry. 


In many cases where numerous gages are to be measured 
in succession, switching gear of great variety has been 
devised. The problem is similar to that of connecting ther- 
mocouples to a central recorder, and sometimes the same 
equipment is used. However, when hundreds or even thou 
sands of individual gages are used, as in the static testing 
of airplane structures, it may be worth while to build 
special motor-driven switches, and in some cases rapidly 
self-balancing bridges. Speeds of one reading per second 
are readily obtained, although for such rapid recording 
amplification is frequently resorted to. The whole system 
n such cases is sometimes sufficiently elaborate to call fon 
an adequate electrical staff, and great circuit and mechani- 
cal simplicity is no longer necessary. For rapidly scanning 
a multitude of static or slowly-changing gages, an oscillo 
graph is required—quite as much as when rapid fluctua- 
ions of load occur at a single gage. However, there is as 
yet no limit to the speed at which switching and recording 


Ca e accomplished I tne need arises. 


DYNAMIC STRAIN MEASUREMENTS 


lhe problem of measuring rapidly-changing strains such 
is produced in the impact testing of metals was not solved 
int esistance Sstrall raves of negligible mass were Ceé 


mented over their full length to the strained metal. It was 


for this purpose that Clark at California Institute of Tech 





Fig. 3. Records from Brush Crystal | 
1 inch per second chart speed. See 


i : 





1500 0) Fixed 


Fig. 4. Typical wiring diag 
for dynamic testing 


nology first used wire gages® and before that time int 
carbon resistance gages were used by the author at 
Massachusetts Institute of Technology* and for prop: 
stress measurements at the Hamilton Standard Propelle 
Many types of oscillographs are currently available, 
the principal types only will be briefly listed here. 

The need for low-frequency pen-and-ink recording 
cardiographs and encephalographs led to highly devel 
instruments with a frequency range up to 120 c.p.s. 
Brush pen driven by a temperature-regulated piezoela 
crystal is remarkably satisfactory with a maximum \ 
ing speed of 5” per second. Fig. 3 shows two records: 

(a) Direct-connected through a potentiometer circuit give 
Fig. 4. The minimum frequency for which this circuit is sat 
tory usually depends on the amplifier used to drive the per 
1 cyele per second is easily reached 

(b) From a modulated 60-cycle bridge circuit which will 
pond to static conditions and frequencies up to 10 to 20 ecyel 
] per second record speed 

The great advantage of pen-and-ink recording is thi 
stant availability of the record, so that tests may be 
ried out with certainty and conditions of one test may 
used to guide the next without the delay of photogray 
development of records. 
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Where higher speeds are required, the familiar movin 


mirror or Duddell oscillographs are available. Multi-chan 
instruments of this type have been greatly improved 

to their use in geophysical exploration. With speeds up 
200 ¢.p.s. sensitive movements with large mirrors are av: 
able, recording on bromide paper, and are used for fli 
tests in airplanes. The Miller and Continental are of t 
type and may be modified for higher frequencies up t 
maximum of perhaps 2000 ¢c.p.s. The Sperry-M.I.T. inst 


(Continued on page 
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® Along with millions of tubes used daily 
for electronic and radio functions, there are 
as many Aerovox condensers with enviable 
records for dependable service. And the rea- 


son is simple: First, Aerovox condensers are 





available in such variety as to provide the 


- best types for any application; second, Aero- 
vox condensers are as good as conscientious 
manufacture can carry out the most ad- 
vanced engineering. © Write for catalog. 
@ Submit that capacitance problem or re- 

xs quirement. 

® 


NEW BEDFORD, MASS., U.S. A. | 
In Canada: AEROVOX CANADA LTD., Hamilton, Ont. 
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The Agastat is the 
instantaneous recycling 
unit that guarantees 

accuracy! 


And accuracy was never 
more vital than in today's 
military needs. That's why 
this time delay relay is 
meeting wide accepiance in electrical 
apparatus and equipment wherever a 
delay interval is required. A mere 
thumb screw adjustment permits a de- 
lay variation ranging from a fraction 
of a second to several minutes. 





Electrical Division, American Gas Ac- 
cumulator Company, Elizabeth, New 
Jersey. 

Write for Illustrated Data |N-4 





Here is proof 
AGASTAT superiority: 


Unaffected by dust, 
dirt of temperature 


—— 
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For use with either 
AC or DC 
Diversity of timing 
effects possible 
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By FRED S$ 


A Precision Autographic Data-plotting Methc 1 


. EASTMAN 


Assoc. Professor of Aeronautical Eng’g; Wind Tunnel Supervisor; University of Washington, Seattle, Wash’n 


T may be unusual to describe a new method before its 

physical embodiment has been thoroughly tried and 

tested, but the writer is tempted by the thought that 
the rapid and precise plotting of data offers advantages 
f the utmost importance to testing and research labora- 
tories throughout the country. If this is the case, coopera- 
tive effort could speed the process of converting the experi- 
mental device into a finished instrument, and in any case 
the following presentation may be helpful to those who 
desire complete records of all test data to be obtained 


lickly, accurately, and with reduced personnel. 


PRINCIPAL CHARACTERISTICS 


\"\ plot dat ' tandard cross-section pape wick 


NERAL ARRANGEMENT 


The plotting machine will consist ie 
- " ‘ Pf 
f a flat table approximately 24 | fe 


by 40”, mounted on a stand so that t 


+ + 
t is a convenient height from the 1 a 
1 " , ] t x 
floor and accessible from all sides. | \~ 
. . 1 >< re 
\ roll of cross-section paper will | S< 
r | ee 


| 
~ | 
be mounted at one end and a re | 
ceiving roll, in addition to a paper- | Po 
cutting device, at the other end, so 
that completed records may be 
rolled up or cut off for immediate 
use. A clamping device will enable 
the operator to attach the pape) 
quickly in its correct pos tion. The 
several pens will be guided over the 
chart by tracks extending across the width of the table to 
a carriage, which is itself rolling on a longitudinal track 
beneath the table. The schematic diagram, Fig. 1, will help 
e reader to visualize this arrangement. Each pen is 


ariven by a fine steel wire which passes over pulleys at 
each end of its track. These pen tracks will be the only 
ybstructions to clear view of the chart. By depressing a 
lever, the operator can lower the table enough to with- 
draw the chart from contact with the pens at any time he 
chooses. In this way those portions of a test which are of 
no value may be omitted from the record, and the pens 
can be returned to their starting positions without mark 

g on the chart. 

Accurate positioning of each pen on the chart is accom- 
plished in a manner quite similar to that employed in the 
usual self-balancing potentiometer type recorder, but more 
than ten times the usual voltage is impressed across the 
slide-wire. This increased voltage obviates the need of main- 


t 
aining an extremely precise volta; 


t ge balance, thereby tend- 
ng to increase accuracy and reliability. For example, it is 
sssible to design the slide-wire for a drop of 100 volts, 
which case the potentiometer would have to be out of 
balance at least 100 millivolts to cause a 0.1% error in 
position. The experimental slide-wire shown in Fig. 2 is 
composed of 1000 accurately spaced turns of wire wound 
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on a tube about 2” in diameter. Surprisingly little diffi 
was found in making it sufficiently linear to insure 
the balance point would not be in error more than one 
out of the 1000 total. 

Current is supplied to the slide-wire by electromag 
balance A, in Fig. 1. Since this device was described 
the author in the October 1941 issue of Instruments 
fice it to say that it maintains the current precisely 
portional to whatever force may be applied to A. Th 
fore, any one of a series of chosen reference voltages 


be established across the slide-wire by merely apply 


appropriate weights to A. The variable to be measur« 
applied to another electromagnetic balance, B, which 


plies corresponding current to resistance C. The control ci 
cuit, D, causes the slide-wire to move until it picks off 


voltage which balances the drop across C. Switch E selects 


the zero position, and resistance F’ is used to move t! 
zero position some distance off the chart in case it is d 
sired to plot variations from a relatively large mean valu 
Switch G adjusts the amplitude of the plotted curve, a1 
can provide definite multipliers from 1 to 100 and possit 
up to 1000. Variable resistance H bypasses a small pa 
of the current from A to compensate for expansion a! 
contraction of the chart. 


THE CONTROL CIRCUIT 


The function of the control circuit, D, is to detect a! 
unbalance between the voltage picked off by the slidi 
contact and the drop across C. In addition, it must be al 
to move the contact toward the balance position wh« 
necessary. The high voltage used across the slide-wire ad 
to the feasibility of using direct vacuum-tube amplificati« 
for this purpose. This type of control needs no delicat 

Fred S. Eastman. The Electromagnetic Balance \ High-Pr 


cisior Measurement ind Control Device Instruments Vol 
1941, pages 284 \ 310-311 















“NP 
CLIMB 


THOUSAND FT PER MINUTE 


faithfully indicates the 


“ups and downs’ of flight 


Rate of climb (or of descent) is something a man needs to know 
when he’s flying a modern high-performance airplane. And he 
wants to be able to ascertain it accurately in one swift glance. 
That is why pilots esteem the Pioneer Sensitive Rate -of-Climb 
Indicator so highly. It is the most advanced instrument yet de- 
veloped for the purpose. It is free of certain service and mainte- 
nance requirements of older instruments and is most reliable . . . in 
short, a true Pioneer Instrument. It aids appreciably in our nation's 


One Big Job—to “Keep ‘em flying.” 
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relays and it paves the way to highe? 
than is possible by other means. The 
slide-wire unit Fig. 2 has been 
yperated successfully by using a d-c. amplifier controlling 
a reversible d-c. motor which drives the contact by means 
of a screw, but it was feared that the desired degree of 
reliability could not be obtained because of the tendency 
for d-e. amplifiers to drift. This would cause the contact 
a position slightly off from the true balance 
tion. On the other hand, if the drop across the slide-wire 

kept above 40 volts, it is not difficult to confine this erro. 


gyaivanometer or 
speed of 
experimental 


response 


shown in 


posl- 


ithin the desired limits. 

The desire to make the plotting machine operate satis- 
factorily when less than 5 volts is impressed across the 
slide-wire led to experiments with various means of con- 


and then amplifying as 


verting the small d-c. input to a.e. 





to control the 


much as may be necessary tubes. It 
is too early to report on the results of these experiments 
except to say that there is little doubt that the job can be 
done, but that the complexity of the equipment may prove 
to be somewhat objectionable. In this respect, it is reassur- 
ing to note that the Brown Instrument Co. is using direct 
vacuum-tube control on its new circular chart 
meter, and that the control circuit of this 
compact and has greater sensitivity than would be 


powell 


potentio 
Instrument is 
required 


for this plotting machine. 


PEN DRIVE UNIT 


Experiments with various types of motors directly con- 
nected to a screw driving the pen and contactor indicated 
that the inertia of the rotating parts great that 
full advantage of the quick control circuit could not be 
realized. Friction having magnetically-operated 
clutches gave promising results, leading finally to the de 
vice shown in Figs. 2 and 3. This can be understood more 
readily by referring again to Fig. 1. The two shafts / and 


was so 


drives 
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J are driven at constant speed but in opposite direct 

The pen and sliding contactor are attached to a fine 

wire passing around pulleys at each end of the slide-y 
Two iron disks are keyed to the driving pulley shaft 
such a way that they can wabble slightly on the s} 
When coil A is energized, the magnetic flux causes 
plates to pinch the ends of an iron collar attached to s] 
I and extending through coil K; but when coil L is « 
gized, the plates are drawn away from this collar and 

contact with a similar one on shaft J, thus reversing 
pulley. The weight of the accelerated parts is so sn 
and the friction is so large, that starting and st 
ping of the pen and contactor are practically instanta 
ous. From a speed of 2” per second, the contactor apps 
to stop dead, at the correct balance position, and it 
believed that speeds in excess of 10” per second ¢a 


force 





used without sacrificing accuracy if the two-speed d) 
illustrated in Fig. 3 can be used to full advantage. T! 
makes use of two pairs of iron disks on the pulley shaft 
one being of greater diameter than the other and engaging 
a correspondingly smaller diameter iron collar. A fou) 
one speed change is easily obtained in this manner wit} 
out adding appreciably to the cost of the device. Fou: 
controlling coils are used but only the two for high speed, 
or the two for low speed, are used at one time. The high 
speed drive goes into action only when the low speed is 
inadequate to maintain balance. Notice that this type of 
drive is well suited to the addition of many pens staggered 
one inch along the chart, each being driven from the same 
two constant-speed shafts. 
CARRIAGE DRIVE 

Normally the carriage will be driven by a synchronous 
motor provided with change gears to give speeds ranging 
from one inch per second to one inch per minute, but b) 
changing to a Selsyn motor drive the movement can bi 
linked to any one of the test variables which is capable of 
driving a Selsyn device. Consideration has been given 
the possibility of driving the carriage in a manner simila 
to that employed for the individual pens. In this wa 
movement of the carriage could be an accurate measu 
of any of the variables which can be plotted by the pens, 
and any pair of variables could be plotted one against tl 
other. 

When plotting test data against time, it will be nec« 
sary to select the carriage speed so that the complete t 
should occupy only about 75% of the chart length, lea 
ing the remainder for unforeseen delays. In the event th 
the carriage should actually reach the end of the cha 
an automatic reversing device will cause the carriage 
move back over the same chart. Thus no data can be lo 
although the double record may be more difficult to rea 


PLOTTING WIND TUNNEL MODEL DATA 

The process of obtaining wind-tunnel model data usua 
requires that a series of readings be taken of the air for: 
acting on a model, as the latter is moved into differ 
positions relative to the air stream. For any position 
the model, all the variables vary approximately in p! 


portion to the square of the air speed, and since the latt 





























ENGINE CYLINDER TEMPERATURE INDICATORS—THERMOCOUPLE TYPE 


Write for Bulletin 1-2) 





Single Indicator Part 17AT Dual Indicator Part 96AT 


Lewis cylinder temperature indicators have been used for many years in training, combat, military and com 
mercial transport, and privately operated aircraft. Their quality is affirmed by all. 


THERMOCOUPLES Write for Bulletins EXTENSION LEADS 
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IRON CONSTANTAN—COPPER CONSTANTAN—CHROMEL ALUMEL 


Lewis leads, thermocouples, 18 conductor cables, glass insulated wire, and connectors are used in aircraft, 
trucks, tanks, and vehicles of all types for temperature tests or permanent installation as required. 
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cannot be maintained at precisely the desired value, 
rate measurements are obtained by taking readings 
during short intervals while the air speed remains ce 
The plotting machine will record the percent error d 
changes in air speed along with the other test data, s 
minor corrections can be made afterwards if neces 
If preferred, the operator can depress the table, thus 
rating the pens from the chart, during such time a 
air speed is incorrect. 

Neither of the above procedures utilizes the plot 
machine to its best advantage. To illustrate what is 
ably a revolutionary method of obtaining wind tunnel 
suppose that the weight applied to balance A, in Fi 
is replaced by a force which is proportional to the si 
of the air speed.* Thé result is that when the air s 
diminishes slightly, both the slide-wire voltage and 
drop across resistance C will diminish correspondi: 
Consequently, the pens will not move. In other words 
curves plotted will represent the ratios of each of 
variables, to some reference magnitude which varies 
the square of the air speed. Those familiar with 
tunnel testing will observe that this amounts to plott 
aerodynamic coefficients directly, instead of computing t 
from the measured forces and the air speed. The g 
advantage of this method is that every point on the cu 
obtained is truly indicative of the information desi 
even though the air speed may have deviated slightly f 
time to time. Moreover, once the amplitude adjustme 
have been made to suit the dimensions of the mod 
further adjustments need be made regardless of the 
speed used. To extend this advantage over a wide 
of air speeds, however, the plotting machine must ops 
satisfactorily with low voltage as well as with high v 


across the slide-wire. 


PLOTTING TRANSIENT CONDITIONS 


The air loads are neve. absolutely Steady, and there 
times when important information is lost because the c 
mon methods of taking readings yield only average va 
For example, erratic changes in air load may indicat 
condition of unstable air flow which should be correct 


before further tests are made. The plotting machine 

have sufficiently rapid response to show the approxi 
magnitude and character of such variations, thereby off 
ing a clue to the solution of the problem. More than t 
it would permit detailed study of various transient | 
such as the stalling of a wing or the effect of sudden m 


ment of the model. It is too early to predict how well t 


plotting machine can follow rapid transients, but if a 


speed of 10” per second can be obtained, small-amplitudé 


plots of variations taking place several times per sec 
may be reproduced on the chart with sufficient accuracy 


PLOTTING PRESSURE PROFILES 


A pressure profile obtained from any number of pressu 


tubes can be plotted with one pen by recording the ] 
sure from each of the tubes in proper succession. If 


7 


pressure in each tube is recorded while the carriage pros 
resses 42”, the pressure profile from sixty different tub: 
will cover 30” of the chart. The rapid response of the p: 
give almost instantaneous transition from one readi! 


will 
to the next, and errors due to smal! 


can be eliminated as suggested above. In this way, the ¢ 


tube profile could be obtained in less than two minutes, a! 


the use of more pens would reduce the time correspo! 
ingly. 


MISCELLANEOUS DATA PLOTTING 


t 


changes in air spe 


The plotting machine is not limited to recording the n 
common kinds of wind tunnel data. In fact it is read 
adapted to plotting anything that can be converted int 
nechanical force or an electrical current. Suppos¢ 
desired to plot temperature by the use of a thermocou] 
The thermocouple voltage is too small to measure direct 

ae | 














e high voltage potentiometer, 
ean be applied electrically to balance B. 
issing the current from the thermocouple through a 
| coil on the balance provided for the purpose of con- 
g a small current into a measurable force. Thus the 
tiometer operates as usual, the only difference being 
the force produced by the few microwatts will be ex- 
ely small and the balance must be designed to take 
into account. 

is hoped that these few examples of the possible uses 
his many-purpose plotting machine will serve to sug- 
many others in which a real advantage 
e continuous record, rapid response, and high precision 
ed by this device. 


can be gained 


Ingeniously hicuziiind Tester 


the Editor of Instruments: 

[The small and simple device herein described has proved 
te helpful in my work and may prove of interest to 
ers in the field. I assembled it from materials and parts 
hand and fitted it into an old Bakelite standard-cell case, 
hich makes it pocket-size. 

In general it is nothing more than a circuit or continuity 
ter roughly calibrated in ohms directly on the instrument 


Ma re (£r ae 
V4 t 
[| Ohm» s —" 
\ S ~~] Floshlich 
rz / 


‘ i ean 


Old miniature MaM. ~ 





me contro/ 


additional feature of making 
millivoltage available at the te ‘rminals by cutting 
in the one-ohm resistor R; by switch S. The instrument- 
an inexpensive one—just happened to have the 
0-25 milliamperes. By Ohm’s law it can readily be seen that 
by varying the current through R; from zero to 25 milli- 
amperes we have 0 to 25 millivolts appearing across R, and 
at the terminals. In other words it is direct-reading in milli- 
volts output on the milliampere scale. 
This tester has been especially helpful in tracing out 
thermocouple lead wires on experimental units. 
PHILIP W. DEWEY 
Instrument Mechanic 
Standard Oil Co. (Indiana) 


scale. However it has the 
variable 


range of 


Indiana, 
1942 


Whiting, 
March 4, 


X-ray Inspection of Rubber Heels 


With millions of rubber heels going to our military forces, 
the necessity for rigid inspection has become even more 
important. One of the conditions found in defective heels in 
the past has been occasional misplacement of one of the 
steel washers which are imbedded in the rubber heel and 
firmly hold the nails which attach the heel to the shoe. Mis- 
placement means that when a nail is driven in, it will have 
nothing but rubber to hold it in an upright position. Even 
the most rigid manufacturing controls used up to the pres- 
ent were unable to prevent some of the misplaced washers. 

To remedy this and make certain that every washer is in 
its allotted place, The B. F. Goodrich Company has in- 
stalled new type X-ray machines in its principal rubber 
heel manufacturing plant. 

The stream of rubber heels which comes from the vul- 
anizers passes through these machines, at each of which 
sit keen-eyed, alert girls, their eyes fixed on the shadows 
f the moving heels as the conveyor belt carries them under 
ie X-ray eye. If a single washer is-even minutely out of 
lace, so the nail will not go cleanly through it, the girl 
etects it on the shadowgraph screen and the 
arded. The proportion of rejects is smal] but the operation 
f the X-ray machine is one more step in product perfection 
efore it reaches the consumer. 


heel is dis- 








but a corresponding 
This is done 





when the “specs” 
call for flucrescent 
* phoiphe rvescenl 


svadro active 


DUALS and 
DIAL MATERIALS 


Call on us to quote on your application prob- 


i'd 


lems. We can supply completely finished dials 
working from blue prints or apply approved 
luminescent materials on your own dials. Or, 
if you have your own application department, 


we can supply luminescent materials. 


G18 WEIR Ab 
LUMINESCENT 


CORPORATION 


732 S. FEDERAL ST. Gl, 


CHICAGO, ILL. ES CENT 
er 
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world’s largest department of its kind in private industry 


How a Great Airline Keeps Its Vital 
Aircraft Instruments Clean 


By ROBERT K. FARNHAM 


Field Representative, New York District, The Instruments Publishing Co. 


ot necessary to draw 


rder to trace the course of 


cleaned either by 


s, or by the new 
ng to be said for 
e how steadfastly those 
itching to machine cleaning. 
ssibly the most important 


f mechanical cleaning is 


At no time in the history 





compiicated 
instrument cleaning. 
hand as they 
mechanical process. 
both procedures, but 


who have 


need 


lisassempD 


comparisons in 
Parts 
have been for utes, to take down, clean and reassemble the parts. 
There is some- An aircraft instrument is like a watch, 
it is interesting to watchmakers have for cleaning the 
work are 


cleaning solution, brushed and dried in sawdust. It took 


somewhat 
years been 
seen it 
influencing the adop- 
for faster produc- 


country has the need 


foreground, the ‘‘work basket’’ of a washing machine ma 
be seen partly filled with instrument parts 


In the 


watches quickly and economically, using watch cleaning 1 
chines and solutions. Sales reports from the makers of t 
equipment indicate that 


a stantially. Watch cleaning machines apparently are 


their business has increased s 





a good job. 
News of this mechanical method spread. A utility 
pany heard about it next. They needed a larger unit 
ation field. clean meters, gages and similar devices. One was spe¢ 
week sched built for them. The usable area of the work basket of 
lesire her new machine is 5'2” I.D. by 338” deep. It worked bett 
Ur ecent e! than they had expected it would. They placed addit 


nt I macnines pee! 


(Cont ed " pade 


aers., these 


have 


Today, batteries of 





least thirty minutes, and sometimes more than ninety mi 


+7 


finest 





IK <<K<K<<c<<e¥“e“exc<e<ee >. 





Instruments, meters, gauges, bearings, 
precision units of all types, parts that 
require fast, perfect custom cleaning — 
in continuous operation .... . 


Ib, INDUSTRIAL CLEANING MACHINES 
(LEANING & RINSING SOLUTIONS 


USED BY AIR CORPS, NAVY, MAJOR AIR LINES, UTILITIES, INSTRU- 
MENT MANUFACTURERS AND USERS, PRODUCERS OF JEWELS AND 
BEARINGS, MUNICIPALITIES, AND INDUSTRIES REQUIRING AN 
EXTRAORDINARY, INEXPENSIVE CLEANING PROCESS. 
To operate: Parts placed in work basket (volume capacity 514” ID x 
332” deep) are agitated in first jar containing L & R POWER 
NOFOME CLEANER, in second jar containing L&R RINSING 
SOLUTION, in third jar containing L&R RINSING SOLUTION 
and then are dried in self-contained heater chamber. 
Parts are cleaned and dried thoroughly of grease, 
grime, and discoloration, in continuous operation, 
without causing rust, corrosion or removal of metal. 
Perfect,uniform results, amazing savings in man hours. 


Almost 15,000 L & R Machines already in use. 


FREE: Illustrated booklet—demonstration. Write, out- 
lining cleaning problems. Let L&R engineers and 
chemists solve them, without obligation. 


L&R MANUFACTURING COMPANY 
54 CLINTON STREET, NEWARK, NEW JERSEY 


Instcument DIALS AND SCALES 


ETCHED OR LITHOGRAPHED IN ALL FINISHES 


Ee acer Gumt: «= HREM LAI ES: © PAINEL Sete. 
& PROMPT PERFORMANCE. 
PREMIER METAL ETCHING COMPANY 


21-03 44TH AVENUE LONG ISLAND CITY, N.Y. 
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TRIMOUNT 
INCLINED MANOMETERS 


"THESE instruments, widely used in the aviation industry, are de- 
signed for extremely accurate readings of low positive and negative 
pressures. 
Multiple scale units to meet any requirements. Barometric pressure 
mpensators, scale selectors, micro-zero leveling screws. Precision 


nstruction. 
Write for New Catalog 


escribes complete line of Trimount Manometers, Indicating Flow 
leters, Tank Liquid Level Gauges. Get your copy now. 


TRIMOUNT INSTRUMENT COMPANY 


108 SO. PLYMOUTH ST. CHICAGO, ILLINOIS 
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HIGH ALTITUDE ..... 
TEST and CALIBRATION CHAMBERS 


FOR AIRCRAFT AND ARMAMENT INSTRUMEN’S 





POSITIVE AUTOMATIC MECHANICAL MEANS PROVIDE: 


, @® LOW TEMPERATURE -100°F 
@® HIGH TEMPERATURE -+158°F 


@ TEMPERATURES THERMOSTAT- 
ICALLY HELD WITHIN +1 F 


® ALTITUDE 70,000 FEET 


@® INTERNAL PRESSURES TO 30 lbs 











i sq. ft. 
p rh ® RATE OF CLIMB TO 10,000 Ft. Min. 
sec og @ HUMIDITIES 
| iH AUTOMATIC OR MANUAL CONTROL 
; | 


@ Accessories included on special order: 





RECORDING PYROMETERS 
RECORDING VACUUM GAGES 


MANOMETERS 
Standard M $s are available in tw ; 
e Star dard | odels are available in two A&N INSTRUMENT RACKS 
sizes of clear visible test space: 
STROBOSCOPE EQUIPMENT 
MR 966 V—24 in. high by 24 in. wide by 
6” front to back. RATE OF CLIMB INSTRUMENTS 


MR 965 V—12 in. high by 12 in. wide by 
19? tr + to } ~ lL —~ ° ° ° 
a @ Engineering department will gladly co- 

Temperature Ranges for standard models operate with you on any high altitude 


are from —- 158° Fahr. to —40 F. —76 F. test or calibration problem or on special 








OR -100 F. size or purpose chambers. 
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630—Sth AVENUE NEW YORK, N. Y. 





ligh-altitude Test and Calibration Equipment 
By ERWIN LODWIG 


Chief Engineer, Mobile Refrigeration, Inc., New York City 





RING the past year great strides have been made ir W hil me S sizes ~ t : 
e development of high-altitude test and calibration A&N instrument rack set the 24 24 f 
ambers and, while in some cases cotual tanks are limensions of t g t t 
yed, mechanical equipment is becoming standard- adios es set t 12 2 2 s 
the industry because of its superiority. The com- smaller unit sl I Fig 
th which the writer is associated undertook the s« The side plates of t s 
f this problem approximately a year and a half ago. as standard equipment, ! mete t : 
a production line is turning out the standard com- tight connector pads having as st t t 
11 units described in this article; and a laboratory is nections rated at 220 volts s 























ee 


Fig. 1 Fig. 2 


ating specialized instruments for the Army and the Navy connectors ca tages up t s ‘ g 
vell as for instrument manufacturers. Numerous special drives f tachometers, g tors, f 
In solving this problem, it was necessary to obtain accu- pumps, super-chargers and all manne f inst s 


ate data on the conditions to be achieved, to ascertain the been provided as auxiliary equipme! 
probable rates of climb of newly designed aircraft, as well After the 1ipment had | i ec 5 al 
: " - Se oa ele Al | i > equipim nt nad deel pt lecled, > ‘ a> 
as to discover the true meaning of “flight similitude.” The ;,,, these extremely low temperaturé prot f 
ing 1es I leiy ioOW Tem} atu Ss, € el 2 


standard atmosphere tables and data furnis| -onsider- -) : 1A 
indard atmosphere tables and data furnished conside similitude, or pull-down time, again came t 


able information. However, the altitude tables thus obtained . ; . 4 
altitude tables thus obtainet manufacturer required that the temperature s 


relied on empirical formulae and did not take into consid- , 1 : 5 Keo 

, ae : * eres duced from room temperature to -i60 F 
ration flight-recorded temperature as low as —92°F. In the - ; r A 
fifteen minutes along a straight line curve. i . 


beginning, instrument calibration was considered satisfac- : : . ; : : 
{ Onn complain that this did not follow the curve taken f 

tory at -25°F. 
t] 


Gradually, manufacturers requested equipment tl 


standard atmosphere tables, while a third der 


1e tem- 1 
curve based on a maximum and minimu 


perature F which ec i be reduced -A0°F. Standard eee Te D 
erature " a _ be reduces to -40°F. $ _ lard iong a fiat parabola be f wed accurately. Records of 
equipment has been developed for s ints as low as ’ 

) 1 een developed fo test point is | is outside air temperature ir t] es S S 


100°F. and vacuum to 0.1” Hg absolute. howed conditions over central Texas. where P 


srat +- & J Tr > +} syed sweeallen lars 7 . . - 3} 
\t first, =5°F. was considered excellent tolerance for temperature was 85°F., as follows: 


1e chambers. At present, alt 1 


ntrol of the temperature within ’ 


requirements to =0.1°F. are experienced and =2°F. is Temp. (°F.) —10 -22 
standard over the entire temperature range. Numerous Wide fluctuations in temperature are encounters 
specifications involving unusual weather conditions to be _ straight line or parabolic relationship of al i 
btained within the chamber range from sandstorms at perature does not offer conditions of actual flight. H 
76°F, to tropical humidities at 158°F. These unusual re- the curve selected by the writer closely satisfies 
iests are being met but the industry seems to be settling ments. See Fig. 4. 
n to a standard form of the apparatus shown in Fig. 1. ee le ae : ia ieee nS eae 
units have Deen constructed Ww [ va is means 


mevera 


[his chamber consists of a steel casing, strong enough to ; = _ ' 
4} — " : ' ; for approximating a multitude of flight conditions. An p 
hstand a full vacuum, surrounded by sheet steel insu- ee 4 “oe ; aan aha te ns 
tion with air spaces between. The cabinet is equipped — ae a system involving - MOvVWwr-c nit ih = : 
a tempered glass observation door to withstand vac- eaten —— opiates ee ee 
conditions and several layers of glass separated by air O'@S, Which controlled, from mit ite to minute, the rate ol 
ces as thermal insulation. This cabinet is lighted by an efrigeration in the chamber. Others were develops ni 
terior reflector which supplies 30 foot-candles at the ce1 were controlled by a series of thermostats with mechank 
f the test space. It is mounted on an equipment cabi- selector switches. In the final analysis, for orderly test 
(see Fig. 2) which contains 2- or 3-stage mechanical calibration purposes, the curve adopted by the cot 
geration equipment, vacuum pump, heat interchangers th which the writer is associated was found t é 
nomical, accurate and effective. With the esent ¢ 


control equipment. 





Non-Ferrous Foundrymen Will Agree 
A RELIABLE PYROMETER 
IS INDISPENSABLE! 


For sound non-ferrous castings 
. and for lower costs ... you 
must have a reliable pyrom- 
eter... one that gives accu- 
rate readings yet one that 
will stand up under hard 
usage on the pouring 
floor and in the fur- 
nace room. The 
‘Alnor’ Pyro- 
Lance is the 
answer. 





SHOCK 
RESISTING 
MOVEMENT 


a feature of the Aino 
Pyro-Lance. Two portable styles 
available, both have rugged 
shock-resisting features and 
high accuracy that enables you fe 
ast at owest cost by reducing 
scrap sses utting fuel bills, im 
proving castings and speeding pro 
duction. Type 2981 illustrated in self-con 
tained and uses the enclosed couple, gets 
true metal temperatures BELOW THE 
SURFACE, unaffected by dross and lasts 

nager than bare-wire styles 





In this time of national emergency Alnor 
pyrometers quite naturally go first to jobs of 
defense. However, customers unable to fur 
nish priority certificates will be taken care of 
to the best of our ability. Quite possibly 
there is a problem confronting you that our 
engineers can help solve—with or without need 
of new equipment. We will consider it a 
privilege to help work out your pyrometric 
problems, even though no new equipment is 
involved 


ey) IM01S ya ting Laboratories v4 IC. 


FEE? 











142 West Hubbard Street Chiengzo, Tlineois 


(i Se er lb ; 


For Tire ashe Molds 


You'll find Fenwal Thermo-Switches on the job, controlling heat in 


tire recapping molds, doing their part in an industry vital to 
defense needs. Perhaps this rugged, compact, yet precise Thermo- 
Responsive Electric Switch is the answer to your heat control 
problem. It features Range—50 F. to 400 F. 1/10 Differential 
Definite vibrationless Break. Practically no Thermal lag. Rating 
10 Amp. 115 V., 5 Amp. 230 V., also Jumbo size (25 Amp. 115 V. 
or 12'/2 Amp. 230 V.) available. 


Cartridge type for bracket mounting or insertion in 
Vg" hole illustrated. Other types—‘‘Hex”’ for closed 
liquid or gas systems, also Flange, Block Head and Total 
Submersion types. Send for cotalog giving full details 
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system, required test points along the curve may be gs 
in advance of the test run and maintained within 2 


This type of equipment is not only in use for test 
ished instruments, but is being successfully used in 
ing expansion and contraction of linkage parts, the 
acteristics of springs, durability of diaphragms n 
synthetics or metal, wear tests, humidity absorptior 
electronic and frequency values in communication, c¢ 
teristics of all manner of electric equipment; and 
too numerous to mention here. 

Among the less-understood characteristics now bei) 
served and coded as data are such problems as: 

Crystallization points of all materials. 

The effect of sub-atmospheric temperatures and rarefie: 


materials 


The loss of insulating qualities of rubber and plastic cor 











The pour points of lubricants in relationship to their fu 
perature range of effectiveness, 
Degassing of materials under conditions of sub-zero tem, 
ind sub-atmospheric pressures 
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Fig. 4 


These are, on the whole, research problems. From a } 


production standpoint there are many testing, correct 
and calibration procedures which require cold and vacu 


to various degrees, for instance: 


Aircraft and research instrument production-testing and 


bration maintenance ind usage correction and repair test 
instruments and all other aircraft accessories and materials 
fold and mounting fatigue factors: fabric distortion index 
nination hydraulic lock checks: seal and closure tests; 1 
matic affectation; load and capacity ratings; static load ar 
load tests; heat-treatment of aluminum alloys and certain pl 
hrink-fitting of machined surfaces: cold-curing of raw mate 
rivet cooling ; checking of response lag in indicating and 1 


instruments, 

From the data obtained in these small chambers our « 
pany has been able to develop high-altitude chambe1 
large as 3500 cu. 
and capable of reaching pressures to 0.5” Hg abs. in w 
training equipment, entire fuselages, and personnel, ca 
studied. 

Positive controlled mechanical refrigeration has bec 


the answer in forecasting the safety and effectiveness 


vartime aircraft and armament equipment, without 
catastrophes which await the test pilot in the uppe 


tudes in untested ships. It is hoped that the informat 


derived from this equipment during the war will | 


more effective and economical peace-time flying. 


having a low temperature of —10' 
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KURMAN ELECTRIC CO., Inc. 




































241-B LAFAYETTE STREET NEW YORK, NEW YORK 
RELAYS TEST EQUIPMENT CONTROLS 
GUIDE TO KURMAN RELAY SPECIFICATIONS 
RATED INPUT AMPERE a ie eee adn 
SERIES DC AC CONTACT WEIGHT DIMENSIONS 
WATTS VA RATING OUNCES NCHES 
5 2.5 8.0 (5 71, 3x2 14 x2 Ls 
0 35 — 5 oy xix! yy 
] 80 4.4 215 xiix 
12 .018 ~ 25 x x 
15 2.0 6.0 33, x x 
25 2.0 4.0 0 s 27 xl Sex 
200 014 36 3 6 255 x2 5g x1 Sg 
300 014 36 3 S 256 x2 58 xl Sy 
NOTES 
1. All current contact ratings are in V. Ceramic insulation in Series 25 
amperes at 110 volts 60 cycle AC. permits high frequency transfer with 
Il. Dielectric strength of 1500 volts low capacitive leakage. 
exists between contacts and ground in Vi. Dampened armature action in 
Series 10, II, 15. Series 25 is designed to reduce contact 
lll. Insulated armature, shown on bounce after initial pull down. 
Series 300, is recommended for high Vil. Rated watts represents practica 
frequency transfer. This feature may be minimum input at standard adjustments 
specified for Series 200. Vill. AC relays have approximately 
IV. Ferronicke! alloy is used in the 5 power factor. 
magnetic circuits for Series 10, 12, 200, IX. List prices vary with specific volt 
300. age and insulation requirements. Series !2 





RELAYS DESIGNED TO MEET YOUR SPECIFICATIONS 





Series 15 Series “5 Series 200 Series 300 
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Engineered for the most Critical Instruments... . 


OHMITE Rheostats, Resistors, Chokes, Tap Switches 


. 

i can save a lot of “wear and tear’ in solving your 
resistance problems—by checking with Ohmite. The ability 
of Ohmite Engineers to provide the right units for the most 
critical applications, plus the service-record of these units on 
the job, is of utmost value today to instrument makers and 
users. You'll find Ohmite Products used today in endless va- 
riety and number in essential military, scientific and industrial 
applications. Widest range of stock types and sizes. Special units 
produced to Government specifications or engineered for you. 


Send for Catalog & Engineering Manual No, 40 


Complete, handy 96-page guide. Contains engineering 
data and helpful information on the selection and 
application of Rheostats, Resistors, Chokes, and Tap 
Switches. Write on company letterhead for your copy 
today. 
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Maintenance and Servicing of 
Electrical Instruments 





By JAMES SPENCER 
telay Testing, Westinghouse Elec. & Mfg. Co., Newark, N. J. 








ESTON MEASUREMENT DEPENDABILITY 





HE modern cockpit is a flying laboratory 

ment is concerned. For critical measure 
gine R.P.M... fuel-air ratio .. engine, oil and 
peratures . . position indications for blind fii 
voltage, current and frequency measurements for pow 
and communication needs 1 | 
bearing the WESTON name. 

Just as laboratory engineers thr 

plete faith in WESTON measurements 
WESTONS” furnish truth and confidence 
Weston Electrical Instrument Corporation, 
Avenue, Newark, New Jersey. 


Laboratory Standards . . . Precision DC and 
AC Portables . . . Instrument Transformers 
-» + Sensitive Relays... DC, AC, and 
Thermo Switchboard and Panel Instruments. 


Specialized Test Equipment... Light 
Measurement and Control Devices... 
Exposure Meters... Aircraft Instruments... 
Electric Tachometers... Dial Thermometers. 








with 


of 
enjoying 


ane 





normal times if 


instruments 


full-equipped 
work which involves opening up the case. 
But this national emergency 


electrical instruments, 


priority 


service 


have 


to 


w 


A Contribution to the War Effort 


N 
trical 


is inadvisable for 
(except 


users su 


laboratories) 


stockrooms are being searched for old instruments. 
“Irreparable” instruments are being “repaired.” And 


perhaps most important—all instruments in use 
must be maintained in good condition . .. by the 
users. Hence the crying need for this serial—the 
first and only one of its kind. 
NOTICE TO STUDENTS IN INDUSTRY 

Chapter I (Direct-current Instruments) appeared in the August 
1941 issue of Instruments, pages 226-240 

The first part of Chapter Il (A-c. Ammeters and Voltmeters) 
ippeared in the September issue, pages 255-268; the second part 
n the February issue, pages 48-57 

Chapter II] (A-c. Wattmeters), December issue, pages 394-403 
Chapter IV (Summary of A-c. Types), December issue, page 404 
Chapter V (Instrument Transformers), December issue, pages 
105-408 

Back copies of Instruments are available at 25 cents each as 
long as they last 

It is expected that this serial will be completed and brought out 
n book form before June 


has created a short- 
so that even plants 
ait. The top shelves of 


users of elec- 
ch as utilities 
do 


to any 








1 are both “ordinary” ¢ 
of 0 to 
cisely than to about 


with a 


applied to a two-pole machine 


range 


yr “typieal.’”’ An ordinary tachometer 
1000 


r.p.m. 


cannot 


be 


read more pre- 


30 r.p.m. When such an instrument is 


(where 3600 r.p.m. represents 


60 eycles per second) it cannot be read more precisely than 
to about half a cycle. An ordinary frequency meter can be 


} 


First of all, since it is impossible t 


» eliminate st; 


and-stopping errors, the time interval during wl 
revolutions are counted should be sufficiently long 
starting-and-stopping errors total half a second, 
minute interval is too short because the uncertainty 
this cause alone is nearly 1° of the count. 

The revolution counter should be a good one. Chea 


are subject to errors—as can be proved by the fact tl 


or more cheap counters will not always agree in thei 
tration increments after being driven positively and 
taneously for several minutes 

The counter should be used correctly, so that it \ 


questionably register the exact count. The drive sh 
positive rather than frictional. 
The stop watch should be a good one, in good co 


Not only should it be a good timepiece but its starti 


stopping mechanism should work uniformly. The cou 


period depends on the precision of the watch: if the 
reads to fifths of a second, its total uncertainty is tw 
of a second and it should be 
tervals longer than one minute. 

Thus, it is apparent that a counting interval of < 


ne 
I 


oO 


used to measure counti 


it 


two minutes is required for determination of frequen 
the counter-and-stop-watch method when calibrating 
nary” frequency meters. Some workers standardize 01 


minutes. 


On the whole, the best comparison standard for calit 


ing a frequency meter is a precision frequency mete 


>I 


a more open scale. If the instrument under test can be 
to 0.1 cycle, the standard should be of 0.02-cycle pre: 


and, preferably, 0.02-cycle accuracy. 

In certain industries, such power, 
automotive, aircraft, etc., an electrical-instrument 
nance man who inquires about the facilities in 


as 


hi 


5 


pany’s laboratories and testing departments may dis 


that “frequency meters” of superlative precision are ; 
though called by other names. He may discove1 


able 
in testing (for example) tl 
some apparatus such as the one shown in Fig. 1A, 
s to 1/1000 minute and 
5 revolution 


an engine laboratory 
lies a timer which read 
reads to 1 


embox 
lution counter which 
being guaranteed equal to this precision. 
3600-r.p.m. machine for a period of one minute, s 
(or to 0.063 cycle } 
mete 


is accurate to 0.105% 
frequency 


equipment 


ond when checking a at 


In an electrical laboratory he may discover a cycle c 


ind an electric stop-clock which can be spared f< 
[This combination likewise constitutes a high-p 
standard. 


In various departments deal 


aling with radio appar: 
is to find thermostated crystal oscillators, 


sure 





meters 
when 


1A as frequency 


meters 


instruments not known 
for calibrating 


Certain 


Fig 
utilizable 
idjustable 


as standards frequency 


obtained from a_ variable-speed 





communicat 
ma 


} 
i 


a 





aT 


machine 





easily read to a tenth of a cycle with a limit of uncertainty 
if a fiftieth of a cycle. 

But that is not all. The guaranteed accuracy of an ordi- 
nary tachometer is seldom better than 1% of its seale 
ange. For a 0-4000-r.p.m. tachometer the zone of uncer- 
t ty would be 80 r.p.m., corresponding (in the case of a 
two-pole alternator) to 1! cycles per second. The guaran 
te iccuracy of a frequency meter, likewise, generally is 

t its inge. If it has a inge of five cycles, the zone 
tT uncertaint s 0.1 evele 

These nes f uncertainty are sl \ it the eht 
f Fig 

some eaders n I t int t represent tne 

l ( t vide ] rite ind the frequency mete! 

t knife-edge point If they examine Fig. 1 unde 

magnifying glass the \ see that the width of the tip 
I the } nte? f eac nstrument s exactly one-sixth of 
the uncertainty ne of each instrument. Nothing 
cou e fairer! Fig shows conclusively, therefore, that 
! linary frequency meter is an instrument of precision 
s compared t " linary tachometer. As a matter of 
ict, the highest precision attained in practical electrical 
easurement k (outside of laboratories) is in the de 
é tio! f frequen a precision of one part in 1200 
S n ace. In laboratory determinations of frequency, 

precision of one part in a million is commonplace. 

There é the market more than fifty makes, and more 

n fifteen distinct types, of tachometers. A detailed analy- 
sis of the characteristics would take several pages. In 

ef, the et type is recommended as the type 

< best combines precision, accuracy, convenience, rea 
sonable cost ar availability. It comprises a_ revolution 
counte i high-grade timepiece and an automatic device for 
engaging and disengaging the registering mechanism at the 
beginning and end of definite time intervals—all within a 
iust f case. Its dial reads directly ir p.m., So that ne 
computatiol s ecessary 

Where a shaft posit ly associated with the test fre- 
quency is rotating at constant speed, the test frequency 
mav be determined by using a revolution ec unter and a sto 
watch. This method is well-known but the various factors 
affecting its precision are not so well-know? 
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frequency 1s 

Here, for example, is a ‘‘Chrono-Tachometer’’ manufactured by 
the Standard Electric Time Co. for engine-testing work. At tl 
left is a tachometer (which is a convenience but is not used f¢ 
precise determinations). The middle dial is a revolution counter 
with two hands (like a watch), the longer one reading to one 
fifth of a revolution on the outer scale. The right-hand dial like 
wise has two hands, reading to minutes and to thousandths 
minutes. An automatic stop permits integration of revolutions anc 
time for continuous test runs or for exactly-timed intervals he 
accuracy over a sufficiently long period is limited only by the 
accuracy of the time measurement. If the timer is driven sy 
chronously with a system controlled from Naval Observatory sig 
nals, the maximum error for a one-hour run would be of the 
order of a thousandth of one percent 


beat 


the accu 
When applied 


uc 


ou 

















“THERE IS A BRIGHT SIDE: — 


An Open Letter to Users of Electrical Measuring Instruments 


Much more than instruments is needed to fill the vast requirements ot 
America’s gigantic production program. Experience gained by many years 
of actual instrument peace-time needs is answering the call to arms—is doing 
its part in re-establishing in the world the Democratic ideals of freedom 

Private business must undergo restrictions for the sake of National 
security. As good Americans we will bear these willingly. 

And there is a bright side. Rapid expansion, new fields and improved 


processes mark today’s instrument program. New developments unbelievably 


y ground of 


revolutionary in their scope are growing out of the vast proving | 


war-time production. When war ends, these advantages will be passed on to 





all of vou. From the experience of today will come many new and greatly 
improved instruments to better serve the peaceful world of tomorrow. 
. 
Na. 
Sales Manager 
The Triplett Electrical Instrument Co eee ne mn a 


WE CAN ALSO HELP IN 
ANOTHER WAY 







UNITED 


STATES Buy Defense Stamps and Bonds. Buyin J them regu 
ce rly is the best way you can help General MacArthur 
‘AND STAMPS and our Aghting men. We must a Pu together 

nid your dollars can hest serve in stambs ind bonds. 


THE TRIPLETT ELECTRICAL INSTRUMENT CO. 


BLUFFTON * OHIO 
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tc *h car be hooked up 


————— eee quency apparatus, etc., whnicn an f t 
a source of controllable lov frequency ; but bef 


! ] such equipment he should make certain that the 

TWENTY YEARS BELUABIL |'| queney alternating current therewith generated 
OF a wave form CiOSE ly approacning a sine curve, beea ] 
tvpes of frequency meters (other than the mechanic 


IS AN EFFICIENCY RECORD types of frequency meters (other than the mec 
on an exce ssively distorted output. 


ATTESTED TO brated on 


. our BY LEPLAD | VIBRATING-REED FREQUENCY METER 

LEADING esl Vibrating-reed type frequency meters are made 
, . ] switchboard and portable forms, the portable form ( 

AMERICAN being the most widely used in test work. Fig. 3 sl 

4N “ACTU ; , f d internal construction of a typical vibrating-reed fr 
MAN( FACT RERS ‘S cy seen ‘i ee adds fe sists of pero pale reeds 

OF 
INDUSTRIAE 
TEMPERATURE CONTROL 
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y + 





tached to the bi dge piece B, this assembly being Ca 
reed-comb. The armature A, of the electromagnet M 
mounted on the bridge-piece. The cross pleces C ( 


each end of B) on which the bridge is mounted, are 








For more than twenty years, leading American manu- 
facturers have used Eppley Standard Cells in their 
pyrometers and other instruments utilizing the potentiometri 
system of measurement. 

This is the best possible recognition of the high standards 


of efficiency and continued reliability which Eppley has 


maintained through consistent painstaking research and the 


utmost care in manufacture. 








THE EPPLEY LABORATORY, INC. 
Sct nlife Instiauments 
NEWPORT RHODE ISLAND 





VARIABLE VOLTAGE 


For Your Laboratory, Your 
Product, or Your Production Line 


Fig. 2 Portable type ‘‘Frahm’’ frequency meter, having two rows 
yf reeds and range-doubling device; and with selector switch f 
50 and 300. Figs. 2 to 





5 


operation on all voltages between 
clusive, courtesy James G. Biddle ¢ 








VARITRAN CONTROL UNITS 
For Controlling: Rectifier Output, 
Motors, Heaters, Lights, Line Voltage 


The UTC Varitran em- 
ploys a non-tusing graph- 
ite roller riding over the 
transformer turns to effect 
a transformer providing 
continuously variable out- 
put voltage. Regulation, 
efficiency, and distortion 
characteristics are excel- 
lent. Standard 115 V. in- 
put (0-130 V. output). Units 
are available in 2, 5, 7.5, 
ll, 17, 30. and 44 Amp. 
sizes. Write for Bulletin 





















PS-404. be ' 
= ’ Fig. 3. Interic f a ‘“‘Frahm’’ frequency meter, showing 
- fe i= ; Cea ee PE * metre and onet : 
- I ncipic tne cor uction ana ope 
* Smooth Control * Excellent Regulation * High Efficiency ii actin Bk wlaniemesiok Il 
* Rugged Construction % Wide Range {0-130 V.) ws piece on which are mounted the reeds R 
: . . ture A. 
* Low Temperature Rise *% Roller Contact * No Distortion D—Amplitude adjusting screw by which the air-gap betw 
and M 1s se 
in| C i c : 1B | G—Protective serres resista M. 
| al j M—Electromagnet ; 
~ R—Tuned reeds, ct ne tf which s ljusted ¢ resp 
® ‘ : : resonance [tO a given mechanic vibration set up in B throug 
i by the alternating curre n M 








How to provide remote 











' readings of almost any 
UHL i Lt instrument — efficiently, 
se pera ot een ean aN 


e steel to allow the armature and reed-comb to be 
1 by the electromagnet when the electromagnet is SOURCE OF reunes REMOTE STATION 
1 by the alternating current whose frequency is to INSTRUMENT | ; i where reading is 
ured. The series resistor G is shown with its series * INDICATION auf \ desired (may be 
n in the circuit and the screw rod D is for con- (Boiler, engine, < one or several 
the gap between the electromagnet M and arma- generator, ane- 2 5 eS ey places 
which in turn controls the amplitude of vibratior mometer, etc.) simultaneously) 


particular reed or reeds which indicate the fre- 





being measured. 

fundamental principle on which the vibrating-ree 

ney meter works is that when an elastic body is sub 
to rhythmic impulses of the same frequency as the 
period of vibration of the body itself, it is caused 
ate by reason of “sympathetic vibration” or reson 


As plainly shown in Fig. 4, the reeds are of different 


TYPE 851 TYPE 851 


s or weights and they all have different periods o 
(as calibrated). Thus the reed with the same 

1 as the frequency of the armature will vibrate. 
e vibrating-reed frequency meter is connected in a ° 
iit similar to a voltmeter, but care must be taken to Just use da pair of 


the proper amount o?% resistance in series to prevent 





ls from burning out or the reeds from oscillating 
0 great an amplitude causing them to bend or break 3 p N D | xX = ¢ oO be y 


his type of frequency meter is widely used in repain 


maintenance work. Greater benefits could be derived A U T O ‘my Y N 


56 3©=«-: 58 60 62 64 SELF-SYNCHRONIZING 
SIGNALING UNITS 


EN it is desirable to be able to read an instru- 

ment indication at a distance from its source 
—perhaps at more than one point simultaneously 
—Bendix-Cory Autosyn provides the simplest 
surest means ever devised. Wired as shown above 


56 58 60 62 64 the armatures of both ‘‘motors’’ move in unison 





Reading 60.0 


within an accuracy range of 1° plus or minus (4 
on special order). The character of the indication 


to be transmitted makes little difference—it may 
be pressure, rate-of-flow, count, dimension, liquid 
level, voltage, amperage, resistance, temperature 
Bendix-Cory Autosyn units are made in several 


sizes and types. Type 851 (illustrated) produces 





Reading 60.1 2.5 inch-ounces of torque at 90° angular displace- 
56 58 60 62 64 ment—safe continuous operating torque 1.1 inch- 
ounces—dimensions 23%” x 3''»”. One transmit- 


ting unit can actuate several variously located re- 
ceiving units. Autosyns are standard for industrial 
instrumentation systems. Interested engineers are 
invited to write— 


BENDIX AVIATION CORPORATION 
MARINE DIVISION 754 Lexington Avenue, Brooklyn, N. Y 





Reading 60.25 


Fig. 5. Facsimile scales showing how to read a ‘'Frat 
frequency meter 
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Any 
Metal 
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Gauge 


PANELS 
Cabinets 
Racks 
Cases 
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DESIGN and STRENGTH are apparent in this 
typical Karp instrument cabinet. In addition, 
SPEED of production, ACCURACY of all dimen- 
sions, and LOW COST—make five Karp qualities 


hoarn 


piease our customers. 


KARP METAL PRODUCTS CO. 


125 - 30th STREET BROOKLYN, N. Y. 
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Your magutries or blueprints will 


De Liten itmmediaie aiiention 


EUREKA MANUFACTURING CO., Inc. 


TAUNTON, MASSACHUSETTS 


MAKERS OF CASES AND CHESTS FOR THE 


LEADING SILVERWARE MANUFACTURERS 





























by the users through better understanding of the 
method of reading the scale. Hence the following 


s 


explanation of the proper method of reading fr 






indications. 





The three views shown in Fig. 5 should dispel th 
ous idea which many users have, that the vibrat 
frequency meter has only a definite number of poss 
dications equal to the number of reeds. It can 
from the three views that intermediate points may | 
Vibration begins at about 2° below the exact 
which the reed is tuned, reaches its maximum at th 
value, and extends to about 2 above that value. 
fore, more than one reed usually is in motion, ar 
the respective lengths of the bands formed by the 
enamel reed tips across the scale-opening, the valu ' 
frequency may be estimated to one-fourth of the i: R 7 
between successive reeds. Reference to the three vw 
5 will make this feature quite clear. On { T A ¢ 
ie reading is evidently 60. On the lowe 


images in Fig. 
upper scale tl 
the reeds indicating 60 and 60.5 are vibrating equa : R 
that the reading is half-way between these two valu 

On the middle seale, the reed indicating 60 is vil 
more than any other, which means that the reading 
er to 60 than to any other scale division. Since thi 
indicating 60.5 is in next greatest vibration, the rea 
above 60 rather than below, but is less than 60.2 
paring the relative amplitude of the 60 and 60.5 re 
can safely estimate in this case that the reading 


604s or approximately 60.1. 
Man fenance 


Of interest to maintenance men is the fact that the - 


no moving parts except the steel reeds. Therefore the 


no troubles due to friction from pivots and jewels 


there are no springs necessary for conducting cu) 


BARBOL 
cA 


and from moving coils. The instruments are inh [—_—— 
ugged and are unaffected by mechanical shock. \ 
variations, ordinary temperature changes, effects of 


fields, or the position of the instrument (either hi 
vertical) have little or no effect o1 accuracy. As 
al types of assembled devices, however, there are } ME 
causes of errors, herewith given to enable the 1 
to analyze troubles. 
(1) Distortion or bending of reeds, due to excess 
cillatory motion, may change the calibration of the reeds 
hence calibration errors. This may | 
a voltage or by incorrect adjustment of the amplit dV 
adjusting device, so that chattering occurs, when the 
are either fatigued or strike for too long a time 
damping bar, which may cause chipping of the enam« 
the reed. In more recent instruments, the damping | 
set behind the bent-over portion of the reed so that the 


+ 1 
likely to be 1 


ye caused by to 


strikes on its flat surface and is less 
Recalibrating individual reeds requires facilities for 
ing the test-line frequency and holding it constant v 
0.02 eyele. It calls for high skill, special experience \ 
knowledge of vibration engineering principles. This | 
purpose being to tell how to service instruments without 
turning them to the manufacturer, we shall outline the 
cedure, but in a brief style understood only by experie. 


workers: 


rrinding. ther bserve effects of small frequeneyv variat 

(2) The thumb nut for adjusting the electromagnet 
gap is made fast to the screw rod by a set screw just 
the case. If this screw should loosen and become dis! 
the air gap adjustor would be ineffective. 

(3) Since this instrument has electromagne 
series resistors there is always the possibility o 
ypen circuits. A shorted resistor would mean a large? 
of the circuit voltage across the electromagnet coils, 


ducing vibratior 





of the reeds. This conditio! ee 





excessive 













\ 7 RELIANCE 7 
.. TACHOMETER |. 
se *. 3 PATENTES iy 
~ ‘ one 


RELIANCE 


Tr) IONS PER MINUTE—Yards 
R ite or Newspapers per hour 
er Rotative Engine speed 

factor or speed of pro- 

ired in units—the Reliance 


ll efficiently meet most re- 


y year I R ance 
i ved =) emarkable 
Dependab y on every 
} n Newspaper and 
I >» the varied ma 
t I i Industry. Relianc 
f 1 ir ument through 


irine and stationary engine 
ndicating engine R.P.M 
of Reliance Tachometer 
available to meet par*icula 
or special types can be fur- 
Whatever your problems 


them. Write for catalog 


BARBOUR STOCKWELL COMPANY 
CAMBRIDGE, MASSACHUSETTS 














Low Reflection Surfaces 
On Optical 


Elements By Evaporation* 


Copper, Aluminum and 
Other Reflecting Surfaces 


Partially Reflecting 


Mirrors 


Special Optical 
Work 


NATIONAL RESEARCH 
CORPORATIO 


100 BROOKLINE AVENUE 











MERCURY ARG 
RECTIFIER 
PRACTICE 


By F. C. ORCHARD 
A.M.I.E.E 


Closing out at $3.00 


Instruments Publishing Co. 


fendale Sr. ° Pittsburgh, Pa. 














ACCURACY IS 
IMPERATIVE! 


INSIST ON 


INSTRUMENTS 
WITH 


PERMIUM 
Pivots — Alloy Jewel Bearings 


e For Permanence 

e Lifetime Accuracy 

@ Maintained Precision 
e Less Maintenance 

e Replaces Sapphire 


Steel pivots corrode, rust—use the NEW 

HOMO-HEXTEROAXIAL WEAR-RESISTING 

ALLOYS (1000 times life of tool steel) 
“Used in preference to jewels.” 


PERMIUM—AEROPOINT— PERMETTE 


Non-corrosive « Non-magnetic 
a ee 


THE PARALOY Co. 
Wh : j 


600 S. MICHIGAN AVE. + CHICAGO, ILL. 








FOR AMERICA’S DEFENSE 
FORCES AND AMERICA’S 
DEFENSE INDUSTRY .. . 
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PRECISION INSTRUMENTS 


* Every Elg S 

is Am 

acl iS ( 
gl » FE) \ 

cra men. Rig t ) 
iC I ( 

rig 


AVIATION CLOCKS + SERVICE WATCHES 
NAVIGATION WATCHES + STOP WATCHES 
CHRONOMETRIC TACHOMETERS 
TANK CLOCKS - COMPASSES - JEWEL BEARINGS 
SPECIAL TIMING DEVICES FOR NAVAL 
AND AVIATION USE 


ELGIN NATIONAL WATCH COMPANY 


PRECISION PRODUCTS DIVISION 





ATTENTION 
INSTRUMENT 
MANUFACTURERS! 


\ P 
We Nave available tor immediate 


& — 
placement thoroughly trained in 
strument assembDiers—calibrators— 
testers—installers. These men can 


work from blueprints, set-up and 
operate sma precision lathes and 
arill presses; can also nhandie m 

crometers, vernier calipers, depth 


c 
ana surface gauges etc 


sma Tools Our graduates are 
Quickly able to adapt themselves 
to all types of manufacturing re 
quirements calling for precision 
instrument assembly. For complete 
nformation please address the 


sch 


an 
ool. 


EASTERN AIRCRAFT 
INSTRUMENT SCHOOL 


116 NEWARK AVE JERSEY CITY, N. J 
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SUB ZERO 


TEMPERATURES 
ACCURATELY CONTROLLED 


300 to Minus {00F 
Dif. +, te +1 F 


Model V-1 


on the principle of dif- 


operating 


ferential expansion of 
solids is ideal for accu- 
rately controlling tem- 
peratures of OVENS— 
BATHS — COLD 
ROOMS—COLD CAB- 
INETS for Laboratory 
or Industrial Testing of 


Airplane Equipment. 





Model V-I o™"... Other Models to 1400 F. 


Send for Bulletin and Data Sheet 


BURLING 
INSTRUMENT CO. 


251-253 Springfield Ave. Newark, N. J. 

















U.S. AIRCRAFT 
INSTRUMENTS 





The U. S. Gauge Company's ability to pro- 
duce quality instruments in quantity is at the 
service of the Aircraft Industry in its whole- 
hearted support of the American Victory 
Program. 
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"EM FLYING! 


_ 


UNITED STATES GAUGE COMPANY 


44 BEAVER STREET, NEW YORK 
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not corrected immediately, may cause coils to by 
possibly bend or fatigue reeds. Partly shorted eled 
coils may be noted by a reduction in the amplitu 
movement, while totally shorted coils result in 1 
tion and therefore no indication. If the circuit 
be open, check all connections (both solder and m 
to be sure they are not loose. Next check the 
sistors and the electromagnet coils with an ohn 
with the instrument connected to the circuit use a 
or a low-resistance lamp to check by shorting ea 
spool and the electromagnet coils one at a time 
checks fail to bring the fault to light on double 
range meters, check for defective contacts on 
changing switch. 

If, during repairs, both reed-combs are rem 
should be marked to insure correct replacement. 

Dismantling and reassembling for the purpose 
ing or replacing parts are simple operations. A c 
spection of the construction of this instrument 


sufficient for one experienced in the repair and mainte 


of electrical instruments. Let us, however, follow 
step by step the operations necessary to replace a 


magnet coil or reed, the two parts most likely to beco 


affected if the instrument is misused. As regard 
placement of a reed, a small six-inch screwdrive1 
the only tool required to make the change. A solde 

in addition to the screwdriver would be the only to 
sary in the replacement of an electromagnet co 
resistors, if defective, are so accessible that replac 
can also be made using only these two tools. M: 
parts for these instruments are interchangeable 


be ordered from the manufacturer by giving a carefu 


scription of the type and range of the instrument as 
the particular part required. 

The interior mechanism is rendered accessible by 
moval of the cover and dial. To replace a coil, th 


connections are unsoldered and the pole-piece on whic! 


coil is mounted is disassembled from the electromagnet 


by the removal of the two screws holding the pol 
the magnet. In replacing the coil, the reverse proc 
followed. 


The reed-comb may be dismounted after the cove. 


dial have been taken off, by removing the four sere 
hold the semi-flexible end pieces (see Figs. 3 and 4) 
sub-base of the instrument. With the bridge assei 


moved from the instrument, the reeds may be detached 


the removal of the single screw that holds each t 
bridge. Reassembly of the reeds to the bridge, 
bridge to the sub-base, should be made by the r¢ 
the dismantling operations just outlined. 

Care should be exercised when connecting to a cire 
be sure that the voltage is not too high for t 
the instrument. If desired to be used on hig 
with a step-down voltage transformer or with 
series resistance to lower the voltage to the norma 
of the frequency meter 


(To be 


Wire Resistance Strain Gages 
(Continued from page 114) 


ment with two, four and six channels is also read 
able to 1000 e¢.p.s., as are regular General Elect 
Westinghouse models. In any moving-mirror osc 
the lower the frequency for which they are desig 
larger may be the mirror, and the greater the se! 
High frequency is seldom of importance in aire! 
ing. Together with such devices, switching of 
groups of gages is becoming customary. These 
mirror oscillographs are the most portable, and suffi 
all airplane vibration, landing stress, and ordna! 
problems. 

Finally, cathode-ray oscillographs are ideal fo1 
tory use. For continuous vibration, measurements 


made without photography, and where required, t! 

















be recorded with an ordinary camera. For high-speed 
the study of transient stress waves, cathode-ray 
with 5000 to 6000 volts on the plates are available, 
iim speeds on a drum camera up to 800” per second 
htainable. Traveling waves in steel bars, Fig. 5, and 
ses in shot-gun barrel, Fig. 6, were taken with a three 
ent oscillograph of this type. 
le wire strain gages are in themselves extremely 
e, their best use for a given purpose requires a thor 
knowledge of electrical measuring instruments and 
ids. In some cases amplifiers (roughly described as 
\-fidelity” in radio parlance) are suitable. In othe 
far more exacting standards are required. It must 


ivs be borne in mind that in general amplifiers of flat 





<~ 0. 00! See.- 





2 x 
Ba R hs 
ld. oh shy 
RA ~ N SHOT BARR M T me 
Fig. ¢ 
esponse over wide frequency ranges, stability and great 


amplification are not manufactured except for special pur- 
poses, and are, therefore, expensive in both time and money. 
Wherever the measurements to be made are sufficient for 
their engineering purpose at + 5% accuracy, there is a 
great waste involved in providing equipment capable of 
neasuring to = 1%. The same discrimination must be used 
measuring strains in aircraft structures under static 
oads; it is an unfruitful procedure to measure strains to 
1% on sections from which are calculated load in mem- 
bers which vary in gage by = 5%. On the other hand, 
here the determination of forces is important as for in- 
stance in weighing reactions of models in a wind tunnel, it 
nay be desirable to work to + 0.1%. 
Wire gages are a recent invention; both they and the 
necessary equipment for their use are being rapidly devel 


ped and it may reasonably be expected that this funda 
mentally simple system will be of great service in all fields 
f engineering and industry. 


TWA Instrument Department 


(Continued from page 102) 


ossible with the stop watch method against a variable- 
ive mechanism. This stand consists of an 1800-r.p.m. syn- 
hronous motor driving through a 3600-to-1 compound worn 
eduction gear assembly to a turn table head on which is 
ounted the Turn and Bank Indicator. This head also car- 
es the vacuum manometer vacuum regulator relief valve 
d transfer valve allowing a constant vacuum source 
roughout a 360 degree turn. 

The calibration procedure, therefore, consists only of 
talling the instrument and regulating to the required vac- 
im. It then is only necessary to operate the motor control 
both right- and left-hand turns. The rated turn being held 
nstant by the synchronous motor will, therefore, give a1 
ecurate indication of the calibration of the instrument be- 
g¢ tested. 

(2) An Altimeter Test Stand which consists of a heat- 
d evacuated test chamber operating throughout a va) 
le temperature range from —30°F. to 135°F. and pressure 
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range from 31” to 3” He abs. (1000 feet below sea | 

50,000 feet above). In this chamber, six instruments , 

yi ~ tested simultaneously. 

METERS FOR DEPENDABIE ITY Connecting to this chamber We have a Pioneer n 

a 4 4me. 4 4a é y mercurial barometer. It consists mainly of an exact 
ACCURACY —STYLING mercurial tube and cistern, a precision scale, and an 0} 
reader. This barometer is contained in a controlled-te) 
ature cabinet where 120°F. is maintained constant 
~0.1°F., thereby eliminating the temperature error of 
mercurial barometer. 

This stand allows temperature compensation of a 
struments throughout their operating range in additi 
extremely accurate indication of calibration of altim« 
for both planes and ground station equipment. 

(3) A stroboscopic tachometer calibrating stand, cor 
ing of a synchronous motor driving through a variabl: 
duction gear box to a manifold drive on which six tac 
eters can be calibrated at one time. In connection with 
drive there is attached a stroboscopic device which 
indications at each 50 r.p.m. to an accuracy of 0.00 
Operating in conjunction with the stroboscope is a ma 
tachometer which is held to an accuracy of *5 ry 
through the entire scale. The master indicates the r. 
desired and the stroboscope gives actual accuracy at that 
r.p.m. A larger volume of instruments can be calibrated at 
one time and owing to the fact they are held constant 
a synchronous motor and through the use of the 60-c 

















line frequency stroboscopic action of this light, a n 
higher degree of accuracy can be maintained. 

Anyone at all familiar with TWA practices knows 
the company has led in experimental work in many fi 
No expense has been spared in seeking instruments 
methods contributing to safety and dependability of flight 
In addition to the three testing equipments described abovi 
a carburetor ice warning unit, a synchroscope to insu 
synchronous engine operation on multi-engine ships, 





de-icer accessories, are a few of the devices worked out 


our development section. 


Intensive Course for Aircraft Instrument Mechanics 
(Continued from page 101) 

Normal length of the course is six months, or about 
hours, which includes two hours of shop work to each | 
of lecture and theory. 

Of the forty men in the first two classes, which ran f1 
March through December of last year, one has been git 
a position as assistant instructor at the school. Othe. 
including watchmakers, police officers, ink mixers, si 
clerks, beauticians—have been placed at the Naval A 
Station at Pensacola, Fla.; at Maxwell Field, Montgome: 
Ala.; at Brookley Field in Mobile, Ala.; and at Wellst 
Air Depot in Macon—all with a starting salary of $18 
per year. 

Two others were employed by Delta Air Lines at 
maintenance base in Atlanta. 

Members of the present class include a college instruct 
a linotype operator, a florist, a coal yard manager. an of 
boy, an electric cutter, and an insurance clerk, with sala} 
ranging from $15 to $40 per week. 


Army’s Flying Laboratory 


(Front-cover Photograph) 
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Permopivots for precision instruments in airplanes . . =a sae 4 : 
| ready been tested and proved superior. They Lieut-Col. Thomas L. Thurlow of the U.S. Army A 
j tipped with Permome ’n-corr sive, smooth, Forees is shown taking a drift meter reading in an Ar 

we esisting, NON-Magnetic Precious metals alloy with ; : ins ss . iat 

> flying laboratory. This drift meter is gyro-stabilized to e 

Aviation instrument pivots and contacts, phonograph inate the effect of the airplane’s “roll,” so readings can 
f emyplcen. Brege ee ee ee taken three or four times faster than with an unstabili 
/ € cor ess uses of these remarkable alloys em 

Write a drift meter. 


Shown on the instrument board and table is the insta 
tion used in instrument research and development projec 
at Wright Field: (top) remote indicating automatic pil 
three air-speed meters; elapsed time clock; radio direct 
finder indicator. 


PERMO PRODUCTS CORP. 
4 Ravenswood Ave Chicago, Ill 
MANUFACTURING METALLURGISTS 
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HERE 1S THE CHART 
RESISTOR USERS NEED! 


Here, in a single chart, is the handiest, most complete 
resistance engineering and buying guide ever 
sssembled. Contains all essential data on approved, 
standard IRC fixed and variable resistors for war and 
industrial requirements—everything you need to 
know to select a resistor, or to design it into a piece of 
equipment. Ask for the 
IRC Resistor Chart. 


Write for Your 


Copy NOW! / 






INTERNATIONAL RESISTANCE CO. 


417 North Broad Street, Philadelphia, Pa. 





EXHAUST GAS TESTERS 
MOISTURE INDICATORS 
FABRIC PERMEAMETERS 
PYROMETERS 
0. RECORDERS 
VOLTAMOGRAPHS — 
Polarographic Analysis) 


FLUXMETERS 
VIBROGRAPHS 
ELECTROMETERS 
ELECTROCARDIOGRAPHS 
STETHOGRAPHS 
pH METERS AND RECORDERS and 


MANY OTHER PRECISION INSTRUMENTS 


CAMBRIDGE 


INSTRUMENT C9 INS 


3732 Grand Central Terminal 


nd for bulletins describing instruments of interest to you. 


New York, N. Y 








AMERICA DEPENDS ON 


IRISILAYS sy GUARDIAN 


* This ""G"' in the shield . . . high in the air—scouring the sea 
—sweeping the land . . . in jeeps—guns—tanks—planes— 


ships—is doing a 100°, “‘all out'' job for America! 


Strictly defense, production time open for government 
approved items, with samples immediately available for any 
job for the U. S. Army, Army Air Corps, Navy, Naval Air 
Corps, Marine Corps, Signal Corps, Ordnance. 


GOVERNMENT APPROVED RELAYS 


SERIES 195 RELAY 


SERIES 1(65-24V VIBRA 
TION RESISTANT RELAY 





BK-10 RELAY 


BK-16 RELAY 





PHONE 


WRITE ° WIRE ° 


GUARDIAN \¢) ELECTRIC 


1621 West Walnut Street 


D 
LARGEST LINE OF RELAYS SERVING AMERICAN 


Chicago, Illinois 


EFENSE 
INDUSTRY 
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AIRCRAFT INSTRUMENT 
TEST EQUIPMENT 


i. 


OSCILLATING TURN INDICATOR 
TABLE TEST STAND 


For convenient and efficient testing of 
Directional Gyros and Turn Indicators. 
All special small tools for gyroscopic 
instrument maintenance. 











Standard mercury manometers and 


controls for testing Air-speed 


MANOMETERS 
special units with all 
Indicators and Manifold Pressure Gauges. 


SENSITIVE NEEDLE VALVES giving pre- 


cise control over small flows. Fine thread 


on stem requiring approx. 15 turns to 
open 1/16” orifice. Valve passing 1 cu.ft. 
of air per minute when open can be ad 
usted for 0.005 cu.ft. Four types: angu 
ar and straight, with or without a flange 





for panel mounting 


Ideal Laboratory Tool & Supply Co. 


P. O. Box 193, CHEYENNE, Wyoming 

















FOR ENGINE 
TEMPERATURE 
MEASUREMENTS 


Indicators 


Gasket Type 
Couples 

Rivet Type 
Couples 

Lead Wires 


Firewall 


Connectors 





IGNITION 

HARNESS TEST 

INSTRUMENTS 
e 


Standard Model 
for Field Use 


Special Types for 


Production Testing 





THE WINSLOW CO. 


: INCORPORATED 
\ NEWARK NEW JERSEY 











Measuring the Elastic Airplane 
(Continued from page 97 ) fi 


plates and landing gear struts. With these gages the 


- 


in any component of the airplane can be measured a 
corded, whether they are steady (as the wing spar st 
during the pullout from a dive) or occur in a small f 
of a second. 

This information is of great value to the vibration 
flutter engineer who must assure the safety of the 
plane’s wings, tail surfaces, flaps, antenna mast, etc., 
high speed conditions. 

Thus the problem of evaluating factors affectin; 
dynamic structure of the airplane is now being car} 
the point where it is practical to measure simultan 
not only the local accelerations and vibrations affecti1 
structure due to them. The former information give 
designer the magnitude of the loads that are being e1 
tered, and the latter tells him just where and how 
are the stresses being built up in the structure to ct 
against these applied loads. Both can be recorded 
single chart, and their correlation is most interesting 
important. For it is the correlation of applied load 





Fig. 5. Martin flight test vibration equipment including eight 
amplifier channels, power supply, oscillator and oscillograph H 


reacting stress that proves the airplane a quite deforma 
structure: an elastic body easing its load in one part 
increasing its load in another, always maintaining complete 
equilibrium of total forces. It is the interchange of en 
non-existent if the airplane is considered a rigid bo 
which is real in the actual airplane, and in numerous cases 
has resulted in serious.consequences to the aircraft. 


Studies are being made constantly, and information be 
compiled relating to these dynamic phenomena. The inst 
mentation can be greatly extended along the lines m« 
tioned, and this is being done, so that a remarkable amou 
of data can be obtained during a single flight test. 1 
electrical circuits which have been evolved after years 
often disappointing results are in answer to the problems 
interference encountered in flight testing due to radio, « 
gines, generators and mechanical shock. The pickups are t E| 
result of hundreds of tests under the most trying condit 
of temperature, electrical variation, shock, shielding 
handling. The technique has been developed even in sn 
details, as for instance the method of attaching a pi 
by a suction cup for a routine ground vibration test, shi 
in Fig. 2. The apparatus and the technique now constit 
a practical tool for the ready use by the research as 
as the production engineer, and every day new uses 
it are being reported. They point the way toward n 
efficient design in widely-separated fields from  sub-z 
fatigue measurements on materials, to the study of dyna 
characteristics of hydraulic bleeder valves. 
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DIALS 
ESCUTCHEONS 
SCALES 


Whether its application is for instruments, appli- 
ances, or machinery, a Bastian Dial fabricated 
from Plastic Sheet or a Bastian Metal Embossed 
Plate will meet your requirements. 

The initial expense and subsequent re-order 
costs on either small or large quantities is rela- 
tively low. 

Ask us for our new booklet on Dials, Escutch- 
eans, Seals, etc.—it’s just off the press! 


BASTIAN BROS. CO. 


Craftsmen in Plastic and Metal Since 1895 


ROCHESTER. N.Y. 








vere's PRECISION 


YOU CAN DEPEND ON! 





Standard Electric 


CHRONO - TACHOMETER 
for 


ENGINE PERFORMANCE PROPELLER GOVERNOR 
TESTS TESTS 


Simultaneous integration of revolutions and time obtained by elec- 
romagnetic clutch control. Accuracy is: Timer: to .001 minute; 


Rev. Counter: to 1/5 revolutions; Tachometer: + 2%. Self- 


synchronous or flexible shaft drives, surface or flush mounting 
Complete details on request. 


USERS INCLUDE: T Army and tt Navy Allisor 


Ker i : y 
N.A.C.A. and Ett 


THE STANDARD ELECTRIC TIME COMPANY 


Branch Offices in Principal Cities 


75 Logan St., Springfield, Mass. 
"STANDARD MAKES EVERY SPLIT-SECOND COUNT” 











FEDERAL DIAL 
INDICATORS 


for 






Laboratory Tests 
and Control 


Instrument 
Control 


Machine 
Control 


Dimension 
Control 


Sizes and 
types to 
suit any 
require- 
ment 


RELIABLE 
ACCURACY 


It is just as true today as in 
the past, "The accuracy of a 
measurement is no better than 

the accuracy of the measuring 





instrument.’ 


We realize now, more than ever, 
that precision is of prime impor- 
tance, and there has been no slack- 
ening in the quality of our Indicators, 
although production has increased 
many times. 


FEDERAL PRODUCTS CORPORATION 
1144 Eddy Street Providence, R. | 














PRECISION MEASURING INSTRUMENTS 





Chicoge - Cleveland - Detreit - Hertford « Los Angeles + Milwaukee - Montreal - Mencie 
New York - Philedelphic - Pittsburgh - Rochester « Sen Francisco + St. Lewis « Toledo ~- Toroste - Windsor 
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Vacuum... 
Thermocouples 


A COMPLETE LINE 


embodying 


» comtatinl many 
ne for unique 
measurements 
< features 
ULTRA HIGH 
FREQUENCIES = 


@ DEPENDABLE STABILITY 
@ MORE EFFICIENT 

®@ HIGHER OVERLOAD 

® FASTER RESPONSE 

@ SMALLER SIZE—!/2’’x!” 
@ LOWER COST 


hese thermocoupies w meer the 
most rigid specification Prompt de- 

s assured. Write your requir 
— = 


AMERICAN 
THERMO-ELECTRIC CO. 


E. 8th S New York, N. Y 

















PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 
DEAD WEIGHT 


PRESSURE GAUGE TESTER 


NDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO. INC. 


48 Van Sinderen Ave 


a 


Brooklyn 
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THE MONTH'S NE\ 
INSTRUMENTS 








In this department we strive to report each month ALL the new device. fo, 
measurement, inspection, testing, metering and automatic control. 

When writing to manufacturers directly, please mention this departmern: as 
your source of information. Or write to Information Section, Instruments /ub- 


lishing Company. 











Repeating Cycle Timer 


I periodic purging of condensate fron 
| ing olding equip- 

beneficial in creating adequate 

t istribution), new Repeating Cycle 





Fusion-method Thermometric 
Sticks 
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‘“Profilometer” Power Pack 


For ust with ‘“Profilometers” 
ments, July 1939, page 173) new 
Pack iccessory unit has been de 
make possible the use of Profilomet 





lines, Until recently, Profilometer 
been self-contained with batteries 
rmitted full portability For their 
rrupted use in one location, parti 
on. three hift inspection operations, I 
Pack permits power to be supplied fr 
l It 60 evel i-c. source I2x 
Profilometer having serial numbers 
dD nverted for 
} I r? it nanutactu 
I be ! i 
\ ! t } sts ] 
{ 17] V 


Electric Predetermined Count 


Controliers 
° M \ 
PDC-E Predetermined Electric C 
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| le Recording System 
Interchangeable Units 


f Systen was originally 


eee! The JONES 
HEAVY DUTY HAND 
TACHOMETER 


® Simple 

® Rugged 

® Reliable 

® Made in U.S.A. 
















Fig. 1 





" illows furnishing custom-built 
irpose recorders with minimum de- 

shows a standard pressure re- 
quickly made up from stock ele- 


Fig. 2 shows a Kymograph which 
in its application (gynaecology ) 
tandard as an instrument. Systen 


ed into three principal sections 
per-handling mechanism, (2) paper- 


JONES T/PHOMETER 

Pa ED 
hanism motors, controls, ete., : f 

suring-and-recording element. Drive 

instantly adjustable to any 

l paper up to 3'2”. Maximun 

is 4” ind core hole must be 

Where use does not justify 

f specially printed paper, unrule 

be used. For many applications 


JAMES 


SIDDLE CO 
PHILADELS ‘ 


~ 
~ 
~ 
~ 
~ 
~~ 
7 


idding-machine paper is surpris- 

itisfactory. Writing is accomplished 
ion where paper leaves roll in fixed 
Thus, edge of paper can be used 

rous reference for measurement 

ble motor plates are readily 


In many applications, where 1 


ERE isarugged American-built Hand Tachometer 











available for reasonably prompt delivery, 





depending on priority rating. 


Fig. 2 We recommend the Jones Heavy Duty Hand Tach- 


paper does not have to constitute 


.xis, drive roller can be fitted wit! ometer for indicating rpm and surface speeds of all 
y or coupling for attachment to a . : P . 
device, thereby making the instru- types of machinery in which the moving parts are 
‘co-ordinatograpl or “X-Y record- . : = ; . P as 
<rge a ie dieanads gee iivamc omg readily accessible.* It is built to “stand the gaff” and 
n ing elements Can ye 
et een oe See: Se Oe maintain good accuracy in every-day hard service. 
| plate llows interchange of com- 5 Se - ~ 
ements Each ite and accessories * . , 
Se ee str amos oe Single and triple range models up to 12,000 rpm. 
ratio—range 1djustment (2) 
ent to accommodate many sizes of : . : . ry 
shcu elchaiar ek. aunties, adteel Write for new descriptive Bulletin 1710-I. 
for pen zero. Complete recording ap- 
is mounted on a panel and does 
1 the CASt to serve otherwise 








ite 6nd. enainnind. Recorders "Where moving parts are not readily accessible, as in turbines, centrifugal pumps 
ounted in any plane and with th and other totally enclosed machines, and also for measuring vibrations per minute 
ssuinge ir ‘ lirection. Usual re- we recommend our Frahm Vibrating-Reed Tachometers. Ask for Bulletin 1590-1 
yunted or inel 9 13” and 
I } f panel I e] in | 
t iow I poration in an x 
i t ith ther ipparatus 
suring ¢ nt mounted I 
Xx} 1 on fr t f iin pane 
J ior 3} s 1%” Grafa 
( 8 I adwa New } } 








Flight Recorder 
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Speed - - - 
DIRECT READING 
INDICATORS 


Centrifugal Type 


Portable and Stationary 
Indicating Speed and Total Run. 
Flexible Shaft, 


Drives for Remote Indicating. 


Belt, or Electric 


o 
Types Available for Every Industry 


Locomotives, Steam, Gas, 
and Electric. Baking Time for Ovens, 
Dryers, Etc. 
Centrifuges, Textile Machinery 
Marine, Fire Apparatus 


Automotive, General Machinery 


Submit Your Problems to Us 


JONES — 
MOTROLA SALES CO. 
438 Fairfield Ave., Stamford, Conn. 














C \ 
Test Temperatures 


With Confidence 


@ THE choice of leading flight test engineers, 
Model 70-PO potentiometer-pyrometer likewise 
pleases research experts, production and main- 
tenance men. They say it’s a ‘‘natural’’: Ther- 
mocouple lead resistances may vary. Ambient 
temperature may rise or fall beyond standard cell 
limitations. There's built-in ruggedness against 

















Model 70-P0 


vibration. Temperatures are read directly, and 
CONFIDENTLY, as fast as couples detect 
change. No standard cell; and little or no 
balancing operation. For your temperatures of 
—200 to 3000°F. send for Bulletin 540-70-PO, 
today 

Also, try 
thermometers, 
application 


J-B-T INSTRUMENTS, INC. 


441-Q CHAPEL ST. NEW HAVEN, CONN., U.S.A. 


}-B-T for 


and 


pyrometers, resistance 


accessories, mentioning your 













However, 


legend at the left 


manuf 


emphasizes ease of changing rr 
units; for example, instead of th: 
tudinal pitch unit (No. 7) an ai 
recording unit may be substituted, N 


if possible combinations is enormo 


1 is largely self-explanatory but d 
show the following features (1) 
to keep slack out of cables running 
trols. (2) A remote control for starti: 
stopping the chart. (3) A red light 


flashes each second while the chart 
mounted with telegraph 
clip board. Telegr iph key 


marking in code 


ing, and 
i portable 
button is used for 


sirable information on chart Accele 
ters may have a spring of practical 
scale desired. When recording only | 
ceceleration (Model A-2 the recordir 
gins with 1.00 G. The maxinrun 

(No. 1) is 1.00” long and, depending 
scale of spring used, may indicate 

iny maximum load from +1.50 G 
quency 7 per sec.) to +21.00 @ (fre 
14 per sec.). If a record of negative 

eration is required (Model A-3) total 
of record may be 1.4”. Record produ 
ten times movement of accelerometer w 
In Model A-2 this ratio may be 5 t 


30% lower frequency is advantageou 


chart (7” wide and 71 ft. long) n 


driven by 1 spring motor in acceler 
of less than 4 G. In higher accelerat 
synchronous motor driven by a b 


through a converter is used. Chart 


of 6” per min, (0.1” per sec.) is star 
ind is maximum for balance-whee 
spring motor. (Much faster speed 
governor type spring motor somewnat 
er speeds with synchronous motor.) 
Impact Register Co., Champaign, Ill 


Decade Inductances 


New type of Decade Inductance 
nounced as “in every respect a_ pr¢ 
laboratory unit most valuable to the 
nician as a dependable aid in settir 
experimental filters, equalizers, tuned 
plifiers, phasing networks, etc.’’ Anno 
ment points out that although dec 
sistors and decade capacitors in all 
of ranges have been available for a 
many years, there has not been a pret 
decade inductance. New decade induct 
are available in decades from 0.001 het 
per step to 1000 henries. They have a ( 
upproximately 25 with a useful rang 
50 to 20,000 cycles per second. Accurac 

5%, With an operating level up to 
In the higher ranges from 10 henri 


1000, the units are not recommended 


operation over 1000cps. These instrume 
may be had in either two or three de 

in any of the inductance ranges desir‘ 

New York Transformer Co Pan West 

St.. New York City. 


Cartridge for Seismographic 
Method of Prospecting 


New “Spiralok” cartridge for seismog! 
provides a strong, rigid 
need of stringing, lathing, tay 
commonly used in loading 
consists of dynamite packed il 
paper shell equipped with a spi 
This shell screws into a stout spi! 
Each cartridge is packed 
length. In Ik 


dynamits ecolu 
obviates 
and 
hole, 
strong 
thread. 
rrooved 
its own sleeve of the 
ing, a sleeve is screwed over the two } 
of adjacent cartridges until they butt 
gether \ these cartridges t 
joined provides a complete seismograph s 
rigid column. Often a 
charge can be loaded with one round t 
of a loading rig, under conditions w 
two to four trips might be necessary ot! 
wise. The column may be primed anywht 
along its length Explosives Dept., H« 
Powder Co., Wilminaton, Del 


pegging 


sleeve. 


same 


series of 


charge in a 


cules 








Strain Gage for Parts 
ibject to Sudden Loads 


vgnetic 
parts subject to 
punch 
where 


electrom: gage to 
machine 
application to 


brakes, etc., 





vp of 
train on 
ids is for 


irs, press 





4 
rises abruptly to maximum and then 
irply to zero. Gage serves as a pro- 
device to forestall breakage of ma- 
It can be connected so as to give 
than one kind of indication. A direct 
f maximum strain can be obtained 
in instrument in front of operator. A 
or bell can be attached to signal when 
determined strain has been reached. 
need not be applied directly to vital 
of machine under strain but to any 
whose stress represents equivalent 
on the vital part. Comprising a rod, 
irm and head, the gage when attached 
machine looks like a side view of an 
ymobile jack; handle is gage rod, jack 
ver arm, base is gage head. Rod is fas- 
ned at either end to the machine in the 
ection of the strain, Lever arm, attached 
its outer end to the machine, is at right 
ngles to the rod. Gage head is mounted on 
late also attached to machine at a point 


Gage head consists 
within two coils. 


line with lever arm 

in armature operating 
Before the job is started, position of 
within coils is adjusted so that zero is 
egistered on instrument. When machine is 


arma- 


into operation and strain exerted, the 
instrument, previously calibrated against 
known strain loads, then indicates to the 
ichine operator the extent of the unknown 
train.—General Electric Co., Schenectady, 
NV. ¥ 


Service Men’s Tester 


Model 030 Philco 
nnounced as “a 
lio test 


Dynamic Tester’ is 
itional new piece of 
equipment amazing Philco 

locates trouble quickly and 
n any kind of a circuit, 
extremely simple nevel 
kind of 


easy to 


sens 


lopment 
radio 


ecurately 
itilizes an process 
used in any other 
ent ind is 
interest 
ent that “there are no 


ndicating 


test equl} 
simple and operate.” 


state- 


re ade rs is 
confusing 
kind.” 


to Instruments 
meters 
devices of any 


oa 


rester weighs 54%; Ibs measures 814 
14” 3”. To operate it, serviceman need 
plug in on a- source ground wir‘ 


clipped to cha touch of the test 


SSIS; a 


d indicates where a signal should be 
nt When a normal signal is not re- 
1 at some particular amplifier stage 
prod is touched to adjacent parts of 
uit and trouble spot thereby located 

ter amplifies and reproduces through its 
loud speaker any kind of signal from 


part of the circuit; traces the courss 


signal through the radio and shows 
ere signal is obstructed: indicates gain 
iny stage of any amplifier tube, checks 


king of r-f. tuning with respect to dial 
bratior tests phase inverter stage for 
lity of audio input to push-pull output 
locates hum in condenser-resistor 
circuits, locates open screen grid and 
bypass condensers; locates defective 
ts which cause noisy operation tests 


nograph pick-ups, crystal microphones 
iny device which generates a 
se of any kind.—Philco 


Nts., Philadelphia, Pa. 


signal or 


Cor Dp.» Tiooa 4 

















EKSLER 


At Your Sorwwice: 


Left: 
Portable Recorder 
6 inch Chart 
24 hour Clock 


Right: 
Dial Thermometer 


In 3'/2, 4, 4'/, 5 and 
6 inch Dial Sizes 





Catalog 115 
Type 103 
Bronze Case, 
Glass Front, 
Industrial 


= 
hres 
e . 
| 

ay 





F RECORDING THERMOMETERS 7 
Furnished with 6”, 10” or 12” Charts 

t) 

For information on " 

Dial and Recording Thermometers, send / 





for Catalog 300 DR 
For others, send for Catalog No. 115. 








Catalog 115 
Laboratory 
Thermometers 
and 
Hydrometers 


; | 


. 


Seria 


boon 
i 





ee 
a 





Weksler Thermometer Corporation 
52-56 WEST HOUSTON STREET, NEW YORK, N. Y. 














4 Diff. Ranges 
in ONE 
Unit 


| WRITE FOR CATALOG 


= 
FOUR-RANGE RHEOSTAT 





WE MANUFACTURE: 


Tubular Rheostats with Lub- 
ricated Slide Contacts. 
Four-Range Rheostats. 
Rotary Drive Rheostats for 
Switchboard Mounting. 
Table Rotary Drive Rheo- 


stats. 


Vertically Mounted Table 
Rheostats. 
Adjustable Resistors. 


PROMPT DELIVERY 
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ae . Tr... _£ > ° 1] nl hye inted on pa 
cacmennnnt Ces: DOOGGE GGG TINE oan roots trom enwine Indicntor ce a 
“a iy . ~ ‘ ! i f H ntir ts ! ijust 
Test Stands , nt. I ibut test 
pu S 
| I I I I re 1 nstallatior 
! nd t ! (u principally for testing 
! t | ! \ t n-row 14 linder ngines) is as fol 
ns tribution test ind for low Mach eylinder of engine under test 
nit ft el has I exhaust pipe whicl runs to a com 
fu burr ! t ! xhaust stack, about 4 ft. long, ex 


tending directly to rear. A sampling nipple 
placed in each exhaust pipe, about mid 
way to the stack. (If nipple 
| ited = close to outlet pulsations could 
ick-in outsid iir and thus dilute its 
ple of gas.) From nipple a length of 
5’ ypper tubing p uugh wall sepa 
rating Engine-stand Instrument 
Roor These tubes panel-board 
where they protrude about 1” through in 
vidual hok Protruding ends of tubes not 


———) il 1 S. 
ANALYSIS == in use are closed with wooden plugs. On 


CELL } | face f board, directly under each tube, is 
i} rked the number of the connected cyl- 
, |) INLET inder \ rubber hose to inlet of analysis 

Me 
| ll permits testing in quick succession all 
l inders. This engine manufacturer util- 
ilso a suction on outlet of analysis cell 
on is probably unnecessary to 
inalysis cell outlet 
] 


sampling wert 
san 
each 
isses thre 
Room from 
extend to a 





nsure good flow of gas, 





. be provided with a section of metal 
f bi tubing not less than 3 feet long 
OUTLET > / nsure that r room air is drawn bacl 
e $ ‘ Mi ! lownward slope of any 
- a ~ " f lir fr eylinder to 
~ au ‘ nalvsis l itlet, should be imple to in 
> . good drainage of condensate.—Cam 
7 : x. joe Inst ent Co., Grand Central Term- 
Ve bork ¢ 
EXHAUST PIPE —> 
; Dyt namotor Contactor 
ng : Nev ntactor specially designed to start 
lvnamotors ised with aircraft 
g s iilable f ither 12- or 24 
I it nfor to the general 
2 " ireraft control 
= Dy D l t tank install 
s S ) ntactor is approx. 2 
‘ , weighs only 2 Ibs., car 
nted in any position. It is totally 
nst nt st ! = with contacts in upper compart 
il nd plunger in lower com- 
g ! Copper i1d-alloy ontact tips 
best hig irrent iInrusnh per- 
( tact r ts Signal Corps 
ss of I bration requirements, being good for me- 
Max f I cies of t eycles per 
: s I i ximur rz 2 amplitude 
g s “ t total travel) pplic in any direc 
s i ‘ Sing normally-open contacts a 
\ gr stay pen wher il is not en- 


n wher ntact i subjected t 

l ition f 10G applied in ar 
tior r t tl ibratior onditions 
LDoOVe \ll ferrous parts are treat 
sist corrosion, Nonferrous parts ar 
treated except where such treat 
interfer with operation, Contactor 


ible fc 
ing fron 


imbient 


60°C. to 


temperatu 
Contact 
basis. Inr 


49°C 
90 amperes on an &-hour 
rent rating is 500 amperes at 32 
Coil wattage Industrial Cor 
Rlectric Co., 


General Schenectady, 


Multi-point pH Record 


pH at ind 
system 


records of 
fluid-flow 
new instrument, conve 
irance but said to ines 


Simultaneous 
ent points In a 
available by a 
il in appe 
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ERROR EERE EERE EER HEEB HEHEHE EERE EEE SES 
> 
= 
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% 
12 Pe i 
i 4 
+ 1 
ube ii 
at 
4) 
ee ;% 
i bk 
. 4 
yew } 
in Outstanding advance in circuit 


that permits installation of the me 
electrodes at separate and independent 
pling points in the plant The 
nected electrically to the recorder 
may be a “considerabl dist 
Cambridge Inst 


ance LW 
ument Co., 3732 Grand 


al Terminal, New York City 
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THE PALMER CO., Mfrs. *' 





NORWOOD AVE. 
Canadian Plant: 


Did you know that it requires 

over 200 Separable-Socket style 

Thermometers to properly op- 
erate ONE U.S. Battleship? 


PALMER THERMOMETERS are known for their sturd 


CINCINNATI 


King and George Sts., Toronto 


NORWOOD, OHIC 














ontrol System for Super- 
ated Steam Temperature 








Micromax Electric Control is a 
tem said to enable stear plants 
iperheated steam right up to the 


hold it there steadily 
New system detects 


each temperature drift 
7 from the control point, 
ind swiftly readjusts 


damper (or valve) by 
irmount required to re- 
turn temperature to 
control point. This pri- 
mary proportioning ac- 
tion, whereby damper 
is moved to a definite 
position corresponding 
to each temperature 
within working 
is not sufficient, 


it, and to 


value 


range, 





for should there be a 
x change in steam de- 
P| mand on boiler unit, 
2 new position assumed 
3 by damper would re- 
sult in temperature 
balancing at some point 
| ibove or below the 
ntrol point. T ‘ 
pensat fi this dis 
paney (cal lad »p) 
{ I tem} tu t t ntr 
t pment embodies an it ti 
rect which de s | I 
t betwee! suring it 
lit by r ectl r 
s st al it that 0} ting 
s bett 1 and costly juiy nt 
f ! g \ f tur is tl 
W I ype rs are t take 
ont i I Sv ) 
tion without delay \ls 
) s SupI itary for 
ing s whi ts ut iticalls 
lrops t pi nt exhaust 
perat rising excessi \ 
ging tl low-pressul turbine 
\ irup ¢ } 5 S ? 1 l 


— ° e “ ye 
Torsion Machine for Wire 

New ‘‘Model M-39 Torsion Machine,” I 
i und wire products, has been designed 
rform tests rapidly and accurately in 


rrdance with 4.S.T.M specifications 





finest ball 


heads, consisting of ‘the 


ivailable, ire adjustable for 
mvenient positioning of specimen. A three- 

revolution counter registers numbet 
turns required for failure, adds in one 
subtracts in the other ind is 
icKly reset to zero after each test. Ma- 
ne consists principally of a motor-driver 


ction 


visting head and tailstock for maximun 
men size .” in diameter by 16” long 
inted n opposite ends of a cast iron 
plate. Rotating gripping chuck, rotat 
t 138 to 26 r.p.m., is attached directl 
tput shaft of a direct connected motor- 
r ni sal sy 1 red init. M 
ntrol illustrated is f two-speed ir 
~ \ Sto] ng macnir t instant 
fi topping b sing 
r re r \ single-sy r 
sing ri n be substitut 
nd twisting I in t t 
in ; 












rave 
openaTins — 


cross Ne 670-4 


\ t 
Seine! 


The battery-meter and controls are in the case . 


, is 
n 
wie LIOMMME TE 
’ ig)vace a 













A NEW ELECTRIC 
BOND TESTER 


NMitltl- OHM SIETER 
JYOLEL 


Ranges 0.5: 0.1: 0.05: 
0.01: 0.005: and 0.001 


ohms, at full scale 






DOES NOT REQUIRE REFER- 
ENCE CURVES OR CHARTS 
... THE MEASURED RESIST- 
ANCE IS DIRECTLY READ 
FROM METER SCALE. 


. fixed clamp 


and exploring cables are easily connected. 


Send for your copy of Bulletin No. B-16, details and prices are 
given. These low-resistance testers can be used by non-technical 


personnel. 


HALLCROSS MFG. CO. 


INSTRUM 


COLLINGDALE 
PENNSYLVANIA 
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ALL OUT PRODUCTION 


FOR THE 
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CHARLES ENGELHARD, 


90 CHESTNUT STREET 


AIRCRAFT INDUSTRY 
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Let's Keep ‘Em Hying J 


INC. 


NEWARK, N. J. 





































Pneumatic Differential 
Telemetering System 
M e Pr i tic Differential Trar 
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Any Questions ABOUT 
THERMOCOUPLES ? 


. 
NEW 


Wheeles 


THERMOCOUPLE 
DATA BOOK and CATALOG 


Do you 
know— 





@how to make a thermocouple? 
See Page 21.* 


@where bare thermocouples can, 
or cannot, be used. See Page 4.* 

@ what type of protecting tube to 
use for your application? See 
Page 14." 

@ how to check thermocouples and 

pyrometers? See Page 22.* 

The above page numbers are from the 


New Wheelco Thermocouple Data Book 


and Catalog. Temperature conversion ta- 





and wire sizes, Wire resistances, 





illivolt tables, decimal equivalents, etc., 
are also included in this valuable book 
Write for your copy TODAY! 


Wheeles Instruments G. 


R33 HARRISON STREET - + « CHICAGO. ILLINOIS 








iN TELFUSE 
Lucker 
Jaan ll ott Ceouit” 


In ordinary fuses, crystal- 
> sa k , rc 
mn and cracking are 
common cause of fuse 
failure, due to repeated 
expansion and contraction 
rye 1 vf K 
of tuse element RATING TO 
LITTELFUSE Non-Crys % ame 
tallizing Fuse Elements, ' 
efficiently meet this condi- 
tion with as much as six 
times the service life of 


thers 
INSTRUMENT \ RATING 
LITTELFUSES ,TOJamP 


and Mountings for 
Every Requirement 





For delicate instruments 
i lpm ll- 
equipment, RATING 
croammeters, milliamme- 11708 AMP 
ters, wattmeters, voltme- 
ters, galvanometers, radio, 





cuction test equipment, 


signal meters, thermocou Sizes | 100 to 8 amps 
ples, battery sets, etc., 250 volts 
1/200 amp. up. Hi-volc Underwriters Approved 
1000, $000, and 10,000 


ranges, 1/16 amp., up. All types of Littelfuses 


tor aircraft, radio, auto, etc., and mountings 


Send for complete catalog 


LITTELFUSE, INC. 


4759 Ravenswood Ave., Chicago 
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be used on single or 3-phase 3-wil 
cuits, and on 2-phase, 3- or 4-wir 

CB-3 meters (three 2-wire element 
used to meter 3-phase, 4-wire st 
nected circuits and, when used with 


ment transformers, to totalize combir 
phase, 3-wire and single phase, 2-w 
3-wire loads. CB-&8 meters are of tl 
disk type, have two 3-wire electror 
interconnected to form -current 

ter, are used on -phase f-wire star 
nected service ind are said to be ful 
curate wherever ‘the voltages are 1 
tremely unbalanced. CB-10 meters 

the two-disk type, have two separate 

elements, are used on 2-phase, 5-wire 
ice, Westinghouse Electric & Mfa. Co 


Pittsburah 


New “No 
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Dial Indicator Assembly 


Sl = 
Ing | s 
et Instrt 
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Wide 1s 
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ng knur 
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Mechanical Latch-in 
Electrical Reset Relay 
“a pins ition incident to su 
nank ul 
electrical reset 1 
lay, “Type CX3190 
operates fron 


ition purposes ind test- 


am THERMOMETERS 


latch-1n, 


mam FOR ALL SEMI-SOLIDS 


new Nit 


ARMORED 








brief impulse with- 
out necessity of 
keeping coils ener- FE 
gized,. D-p.d-t. con- ; 
tacts are rated at 6 4 STAINLESS STEEL CASE. 
imperes at 12 or 24 
aie duc An aux BULLET NOSE OR VERY 
iliary contact breaks ‘ 
ane coil circuit. All SHARP POINT DESIGN 
contacts are insu- 
lated from the 
Scame for radic ¥& These units are de- 
frequency. Coils are signed especially for 
for operation on ; 
dc. only. Dimen- testing asphalt, dough 
— 1%,” pst - 1 = sae and all semi-solids. 
nen 4 ae he deep 
is 7 ounces. Other contact arrange- Each instrument is tested 
ilso available Struthers Dunn, , ? 
Che ; St.. Philadelphia. Pa. ogainst master units for 
accuracy. Completely il- 
* sure = - lustrated catalog sent 
Conductivity Bridge with ' 
E d d R without obligation; write 
xpanade ange 
P $ today. Please ask for 
fic resistance values up to 2. meg- 
s, in six ranges, are covered by new \ Blue Book part 5. 
lel RC-1-C”’ Conductivity Bridge, which 














ction with the proper cell, 
is said to be 





icator (magic eye) assures rugged- 
Seal length f about 14” (total 
ver the six ranges) permits clos¢ 
gs. Used as a conductivity bridge in 


} 


I this instru 
sufficiently 


Jerseu City, N J 





» industrial and laboratory meas- 


sensitive to 


CO. &© INC. 


2525 NO. BROAD ST., PHILADELPHIA, PA. 
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PURCHASING 
AGENTS! 


* HERE IS YOUR COMPLETE «x 
Source of Supply 
for ALL STANDARD 


RADIO PARTS 


and ELECTRONIC EQUIPMENT 
* 
GREATEST STOCK EVER 


IN RADIO HISTORY 
CONDENSERS @ RESISTORS 
TUBES @ METERS @ TRANSFORMERS 
SWITCHES @ RELAYS @ WIRE 














TEST INSTRUMENTS 
PLUGS @ JACKS @ PANELS, etc 
W 
INDUSTRIAL ENGINEERS! 
Increase production ultput 
r 
A 
SOUNT VISION 
New York's Oldest Radio Supply House 


—Established 1922— 
TELEPHONE BARCLAY 7-1840 














Re i Ke 
\N\ ete co. 
yaymtibge), Boe 
y. NEW YORK, N. Y. 
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62! E. 4th Street, Tulsa, Oklahoma 


- DEW POINT TESTER 


For HIGH PRESSURE GASES 
Bureau of Mines Type 


Simple to operate and 
accurate in results. 


Manufacturers 
SCIENTIFIC LABORATORY 


For Working Pressures 
up to 2500 P.S.I. ... For 
Dew-Point Temperatures 
as low as minus 90° | 

made 


Observation on a 


stainless steel 
Fully de- 


scribed in catalog 26A. 


SENSITIVE 


mirror. 


THE REFINERY SUPPLY COMPANY 


Jobbers 
AND 


and 
POWER P PMENT 


‘ 
309 Capital Avenue, Houston, T 


importers 


ne fA 
A eEYU 














TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 


Shown at left is meter box of 


model No. 6 gauge. 


our 


This gauge successfully used by 


many of America’s foremost manufacturers. 


impurities in distilled water of the 
7 be ag send eo ews xe = aap Send for circular on our new low priced D.C. operated gauge. 
conducti solutions such as strong 

ukaiis and especiatly usetul or | EC ONTINENTAL ELECTRIC CO 
wit ry lut aqueous electrolytes . 
ganic liquids Industrial Instruments, GENEVA, ILLINOIS 
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— ! particularly for aircraft applica 
n llir ope tion at high altitudes 
la @ incl ibration condition l 
eG Y pplicable to tank installations. It weighs 
‘ = { is 3% longs 1% high, and 
1 wide ind can be mounted in any posi 
tion. It i lesigned for mechanical frequen- 
i f i cycles per second at 1/32 
naximum amplitude (1/16” total travel) 
: in any direction. Altitudes from sea level to 
10,000 feet and ambient temperature rang- 
ng fi =—40°C. to 93 C. fall within its 
L — — performance scope, Balanced-armature con- 
struction. Current rating, imp. at 12 on 
24 volts. Coil operates at 1.2 watts. Single 
PHOTOCELLS pole normally-open contacts are designed to 
stay open when coil is not energized and 
losed when coil is energized at rated volt- 


(Barrier-Layer Type) 




















- ST tion of 10G in any direction, or to. the 
of highest sensitivity ibration conditions outlined above. Built to 
meet Army Air Corps specifications, relay 
° . ies is corrosion-proof, having passed, among 
Great variety of sizes and shies shah Statin: Wiese hs Bhd duane onlbvaninas 
shapes. est Industrial Control Div., General Elec- 
Co Schenectady, N. 
Unmounted or mounted in 
various styles of casings. 
. T J ae 
Full cooperation regarding New Industrial Tubes 
application and circuits. Three new industrial tubes—a thyratron, 
kenotron ind a phototube sensitive t 
. dl nnour 1 
Write for literature GL- thyratron is an all-metal, nega- 
grid tube for general-purpose industrial 
PHOTOVOLT CORP Guth: deus at ueltamataee. oe 
. strengtl ease of installation and 
95 Madison Ave New York City 
Ce meters Electronic Timers 
Reflectometers Photometers 
Fluorescence Meters 
Merc-to-Merc 
Mercury to Mercury - 
low g t st ving 
Contacts : Increased shic + i eeethabiie Cher ent 
Contact Capacity : tr s wl ble grid power is 
eae ; . ey whe sj b t ictuatl 
Sensitivity within _ P source, Typical 
0.1 F. Exceptionally Long is, wel nn 
. ele Ww Ss regulators 
Life and Stability : No It ’ ted catl 
Arcing : No Oxidation : peres. Maxin 
g s 2000 volts 
Temperature Lag Re- . : ts. 30:5 ae 
duced Temperature +L ss: a eile 
. peak invers 00 
Ranges adjustable to wt : 
700° F. ge. Its i t £ n filament kes 
» possible igh rating f size thar s 
" re ester ent. Light weight nd 
Philadelphia Merc-to-Merc construction ul 
t brati This. tul 
Temperature Controls and aaah ty’ ss eaudads Aetondaaoane 
Mercury Plunger Relays It is especially suitat 
Ww Ss I ’ i? i -@] 
7 ge dev 
The Philadelphia Thermometer Co. age oeegllns 
915 Filbert Street Philadelphia in . 
WRITE FOR CATALOGUE ntur Tt sitive tubes 
No. 194 Sensitivity is S} ] , 
Olde Thermometer Manujacturer J wm 7 S 
in Philadelphia ri ( . 
N 
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New 


Light-weight Aircraft Relay 
11-A100A j 


lightweight relay 


lera- 


en when subjected to linear acce 











TEST MAGNETI. 
PROPERTIES O°: 
YOUR STEELS | 





THE ONLY SINGLE BUTTON 
ELECTRICAL RETURN FLUXMETE! 


SIMPLEST AND MOST EFFICIENT 
Bulletin 504 
THREE DIFFERENT STYLES 


Portable Standard with single 
electrical zero return. 
Switchboard Type with above 


zero feature located on flexible 
lead for bench operation. 
Two Button Pointer Shift in 
place of our patented standard 
zero return at a lesser cost. 


Acknowledged leaders in 
development of high sensitivity meters 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST. CAMBRIDGE, MASS 
Branch: 15 East 26th St., New York City 
Representative: E. N. Webber 
4358 W. Roosevelt Rd., Chicago, III 














HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 35 years. | 





In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 


fre é. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 

















PHOTO-CELL 
RFORMANCE 


day, Luxtron* Photo cells 
» produced to specifications 
t up to fit your particular 
plication. You get the photo- 
ectrical characteristics you 
eed for best performance. 
Our experience in design and 
roduction is used repeatedly 
by a growing list of satisfied 
customers. When you want tops 
n photo cell performance, let 


us help you. 


PHOTO ELECTRIC CELLS 


BRADLEY LABORATORIES, INC. 
82 MEADOW ST. » NEW HAVEN, CONN. 


"Reg US Pat Ott 





GARGEAU VELOGRAPH 


Fe 


or aeroplane vibration analysis, study 
of bearing pressures in rotating ma- 
chinery and seismography, this low- 


frequency oscillograph is available 
with up to 20 recording elements. 
The electrically sensitive recording 
tape is direct writing, gives a perma- 
nent trace. Of rugged design, the 
Velograph uses no fragile crystals 
permanent magnets nor moving coils. 
Frequency range 0 to approx. 74 cy- 


es per second. 


ELECTRO-MEDICAL 
LABORATORY, INC. 
HOLLISTON, MASSACHUSETTS, U. S. A. 


ftheGarceau Junior Electroencephalograph 











W ide-range Bridge for Rapid 


Production Measurements 
New N 621-A Percent Limit Br 


said to | ul xce} nal 
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ne to 1,111,11{ hms Ot I S 
ivailable.) Outstanding feature is that 
selection f tolerance percentag 
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“minus” tolerances may be set individually 
ind independently of each other. Example, 
the “plus” may be 1 ind the minus 
10%, or vice-versa. Should it be desired to 
measure ictual resistances f units unde 
test, each f the independently-operated 
percentage dials is set at the M” positior 
thereby ng bridge instantly 

use is n rdinary Wheatstone bridge 
Working standard 1 vy consist of 6 
totaling 1,111,110 ohms, variable 

ohm increments ! ny} ther range dl 
tated by user’s requirements New insti 
ment is self-contained. For measuring low 
resistances there 1s standard N t 

cell. F ig ! r 

ted re e! il ( ser 

is ol I ! t 

ior S VW ( ( i 


Insulation Resistance Tester 


New ‘Model 792 Insulation nd Cabl 
Covering Resistance Tester s a compact 
device lesigned to adapt maker's Model 
785 Industrial Circuit Tester y M 
772” Test Ar for t remetr 

ins yn i pt 

W t int rtmer M 
7 ( t Tester ! I tes 
100-13 -60 l sup} r I 
Is nr { into tr t 
Models 78 172 t I I 
leads, and insulation S i isu 
ment read n the ohmmeter scale Me 
urements up to 900 megohr 
a test } tential of volts ( n 
by the AIEE, thus making it possible t 

‘ I “ ! I 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level, flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
euiding boiler operators. Described 


in Bulletin No. 44. 


Mullti-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts. liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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FLOW METERS FOR 
ALL PURPOSES 


Model 670 Integra 


HIGH PRESSURE METERS 
Standard Differential Rance—20”" te 150” Water 


LOW PRESSURE METERS 
Standard Differential Ramge—1” to 8” of Water 


* 


Range Change Can be Made Without 
Taking Meter Our of Service 


* 


Write for Bulletin 410 


RING BALANCE INSTRUMENT CO. 


740 N. FRANKLIN ST. CHICAGO. ILL. 











PORTABLE 


WHEATSTONE BRIDGE 





tar a ur n iv 
Nes 4 a at atix 
a ra ar ‘ € sé 

a a aint Nir pe 
Le Rx ndu 
Ca N Ss Portable Wheats e Bridge 
" M vy and Varley Loops $il . 
c N 5 Portable Wheatstone Bridge 
with Miu y and Varley Loops $90. 


Send for Bulletin N 


RUBICON COMPANY 
Electrical Ins 


rament Makers 
Ridge Ave. at 35th St 


Philadelphia, Pa 
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Air Corps Type Switch 
New Air Corps type switch is designed 
equirements of U. S. Air Corps = 
a 
n 94-32249 Assembly consists of 
basi Mu-Switcl with wide contact 
larger and smaller mountings ar¢ - 


These mountings likewise find apy 
With other components. They 
problem very nicely when it is de 
incorporate flashlight cells for bia 
In vacuum-tube equipment for 
holding the cell securely in position y 
mitting quick replacement.—Cornell 
BRlectric Corp., South Plainfield, N 
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Helical Slide-wire Adjustable 


PEPURTETTTT Tee 


Resistor 
i in a cadmium-plated steel New Beckman “Helipot” (contr 
which is rigidly attached an “helical potentiometer’) is an adju 
plunger mechanism having a resistor in which, instead of a cir 


f 1/16” minimum and an over- sistance wir 
‘ 32”. Pressure required to 
is 1 lb. minimum and 8 Ibs 


shaped into a single 





maximu ver entire operating range 
l I ] ating is 2 mperes at 235 t 
7 pe s 1 volts a and §& 
~ t 2 Its a non-induct 
\\ g nr tior in be supplied 
lly-closed, and s-p.d-t 
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g s was mount tl 
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r f \ f f 
winding 
n : tinuous helix like a ichine thre 
Capacitor Mountings ple guide wheel arrangement ot 
tact uses slider to follow l 
. nting hardware f = = b i A Tt is anid 
g thie rer t ¢ 
wi wi r } iled t S 
g s Ww ! rec ing re Ss t 
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AMERICA CALLS for SPEED 


WE ANSWER WITH OUR NEW 


Micro-Graphic Etching Process 


OUR ETCHING PROCESS IS DESIGNED TO SPEED UP WAR PRODUCTION 
INSTRUMENTS: Etched numerals and graduations 


OF 
— 
3 


etc., on dials, cylindrical d 





scales, plates and instruments for the aeronautical and allied branches of our defens 
| 
Our Motto 
“SPEED AND CLOSE TOLERANCE” 
| 
DIAL ann INSTRUMENT ENGRAVING CO. 
60! W. 26th STREET NEW YORK CIT) \ 














eEMOTE 
BULB 
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THERMOSTATS 


FOR 
INDUSTRIAL 
SERVICE... 


Available for an unusually wide 
variety of services requiring Positive 
(2-position), Floating, or Propor- 
tioning Control where the tempera- 
ture-sensitive bulb must be mounted 
in inaccessible air ducts, liquid lines, 
tanks, vats, and so forth. Made in 
four ranges, from 90° to 480° F, 
and can be used to control Motor- 
Operated Valves or Control Motors 
with standard 3-wire control circuits 
(25 v., 115 v., or 230 v. AC) or the 
Barber-Colman Micro-Control system. 
Special bellows construction provides 
accurate control regardless of ambi- 
ent temperature changes, gives rapid 
response, and permits calibration 
which is not affected by changes in 
barometric pressure. Made to high 
quality standards in every detail to 
insure Maximum Service with Mini- 
mum Maintenance. 
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4, FY = Write for New Bulletin 


“CONTROLS for INDUSTRY” 
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BARBER-COLMAN COMPANY 


1202 ROCK ST. e ROCKFORD e ILLINOIS 
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READILY TRIMMED 


ELIMINATES ELECTRICAL 
INTERFERENCE, MOISTURE, ETC. 


Let us solve your 
Shielding Problems 


UNIFORM TUBES 


#-~ SHURS LANE, ROXBOROUGH 


Support 


Lightweight Protects 











PHILADELPHIA, PENNA. 


_) 





















Lhe flyer turns the 
knob on the little 
Ward Leonard Rheo- 
stat and just the 
right degree of com- 
forting heat surges 
through his flying suit. It is not an ordi- 
mary commercial control but one that has 
the ruggedness and dependability required 
by air service in spite of its minute di- 
mensions and extremely light weight. This 
is but one of the many special control de- 
vices that Ward Leonard is producing in 
quantities to serve national defense. 


Electric control ww ) devices since 1892. 


WARD LEONARD ELECTRIC COMPANY 
38 SOUTH STREET, MOUNT VERNON, N. Y. 





We KNOW WE ELIMINATE ALL WoRp,. 
We WeASURING OUR VALUABLE STORES 


1QuiDs BY USING : 
UYIDOMETER Tim 
TANK GAUGES , 


Today, Increased Production demands that 
an accurate record be kept immediately 
availableof all valuable stored liquids. Many 
industrial users wiselyrely upon thedepend- 
ability of LIQUIDOMETER Tank Gauges. 

100% automatic—these gauges insure accurate readings at all times. 
No pumps, valves, or auxiliary units required to read them. Models 
available so that readings can be taken remotely from or directly at the 
tank. Remote reading types utilize balanced hydraulic transmission 
system which completely compensates for temperature variations on 
communicating tubing. Accuracy unaffected by specific gravity of 
tank liquid. 





Approved for gauging hazardous liquids by 
Underwriters’ Laboratories and other similar 
groups. 


Models available to automatically control 
pumps, motors, signals or other devices for 
maintaining minimum or maximum liquid 
levels. 


Write for complete details. 


THE LIAUIDOMETER corp. 


omen \, 
36-27 SKILLMAN AVE. 


LONG ISLAND CITY, N. Y. 
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GAERTNER 
MICROMETER SLIDES 


for accurate linear measurements 


permit 























micrometer 
focusing 


vertical measurements horizontal measurements 


The adaptability of these sli 
problems permits wide application in 


tion departments, 


RANGES: up to 4 inches (100 mm) 
READINGS: to .00005 inch (0.00! mm) 


des to innumerable measuring 
testing and inspec 
laboratories, and shops. 


alt ’ 


THE 
GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago, U.S.A. 





N COMBUSTION METERS 
ELLS what CO, is, why 
important, how meas- 

ured and how interpreted. 

Explains Orsat Principle 

and why preferred. 
Illustrates all models 

Hays Combustion Meters. 


Send for your copy 
today, it’s 


MAIL THE COUPON 





Name 





Position 





Firm 








Address 
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Keeping Aircraft Instruments Clean 


(Continued from page 122) 

stalled and are cleaning their precision mechanisms 
tory newness. American Airlines, Inc. was the first 
commercial lines to adopt these machines, realizi 
here was a method which would slash cleaning ti) 
fraction of its former length. 

While most instruments still have to be disassem| 
is in the actual cleaning that time is saved. More tl] 
instrument can be cleaned and dried at the same time 
efficiently, faster than one can be cleaned by han 
with no danger of accidents. In addition, sections of 
ments can be cleaned without disassembly. 

Operating the machine is so simple that an app 
can handle the running of the equipment, thus rel 
phases of work that require greater sk 


experts TO) 





The 


““work basket’’ is snapped into place on the motor shaft of 


a washing machine. 


experience. First, the elements to be cleaned are placed 


the Monel metal work basket. This unit is hooked to the mo- 


tor shaft and completely immersed and rotated in the fi 
jar containing a cleaning solution. This cleaner remo 
grease, grime, and discoloration without causing rust, 

rosion or removal of metal. A rheostat regulates the n 

which controls the basket. The lid above the basket s 

becomes the cover for the jar and prevents spilling ove! 
the solution when the basket is in motion. Baffles wit 
the jar, together with the design of the basket cover, ass 
thorough agitation of the solution to insure the p1 

cleaning of every part. 

After the parts have been run in the cleaning solut 
the motor is cut. The basket is then raised up in the 
above the liquid level and again rotated to throw off ex 
solution. (The jars are of sufficient height to receive 
fluid thus thrown off.) These operations are then repe 
in the second and third jars, both of which contain a 
ing solution prepared to work with the cleaning solut 
The motor carrier is then revolved to the fourth posit 
which places the work basket over the drying chambe! 

Two or three minutes are required for each phase of 
cleaning cycle. A welcome feature of this equipment is t 
it occupies an area of only 17%” X 16%” X 23” high ov 
all. Being portable when not clamped to a work bench 
may be shifted from department to department as ne¢ 


